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PART  II. 


A 


DESCRIPTION 

OF  THE  < 

WORLD. 


CHAP.  I. 

Of  the  Meaning  of  the  Word  Cofmography ,  and  the 
Ufefulnefs  of  the  Science. 

HAT  I  now  propofe,  is  to  give  a  ge-  i .whatii 
neral  Idea  of  the  World,  that  is,  a  De-  meant  b>' 
fcription  of  the  Number,  Situation,  Mag- 
nitude,  Figure,  and  fome  other  Proper¬ 
ties  of  the  principal  Parts  of  which  the 
vifible  World  is  compofed  :  And  that 
Science  which  treats  of  thefe  federal  Particulars,  is  called 
Cofmography . 

V  o  i.  II.  A  2 


2.,  This 


4 

Tbe  Ufe - 

fu  infs  there - 
'/• 


3.  7« 

Manner  it 
ought  te  be 
treated  of. 


1 .  That  the 
Earth  is  fi¬ 
nite,  and  of 
n  certain 
Figure. 
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2.  This  Science  is  not  only  of  great  Ufe  in  it  felf,  but 
alfo  in  the  Confequences  which  follow  from  it.  For  be- 
fide  that  it  is  of  great  Advantage  to  us,  to  know  the 
whole  Structure  of  our  own  Habitation  ;  we  may  alfo  af¬ 
firm,  that  there  is  fuch  a  Connexion  betwixt  the  feveral 
Parts  of  theUniverfe,  and  they  have  fuch  a  Dependence 
upon,  and  are  fo  linked  with  each  other,  that  the  greateft 
Part  of  thofe  Events  which  are  natural,  and  which  af¬ 
fect  us  the  neareft,  cannot  be  explained  without  a  perfeci 
Knowledge  of  the  particular  Conftitution  of  the  World 
and  of  every  Part  of  it,  upon  which  they  depend,  as  Ef¬ 
fects  do  upon  their  Caufes.  This  Science  is  alfo  of  great 
Ufe  in  Geography ;  becaufe  it  is  certain,  that  we  cannot 
have  a  perfeA  Knowledge  of  the  Situation  of  different 
Countries,  with  refpedl  to  each  other,  without  having  firffc 
fettled  the  Place  which  the  Earth  is  in,  with  regard  to  the 
other  Parts  of  the  Univerfe. 

3,  Since  the  World  is  the  Work,  or  rather  the  Diver- 
fion  of  the  Hand  of  God,  who  could  divide  it  into  as 
many  Parts  as  he  pleafed,  and  difpofe  them  in  an  in¬ 
finite  variety  of  Ways;  it  is  impoflible  for  us  to  know 
the  Number  or  Order  of  them,  by  any  Reafon  drawn 
from  the  Nature  of  the  Things  themfelves  ;  and  we  can 
know  only  by  Experience,  which  Way  God  was  pleafed 
to  choofe,  out  of  thofe  many  in  which  they  might  have 
been  difpofed.  We  ought  therefore  to  conlider  every 
Particular,  as  far  as  the  Weaknefs  of  human  Nature, 
afhfled  by  all  the  Helps  of  Art  and  Induftry,  will  per¬ 
mit,  that  we  may  go  back,  as  far  as  we  are  able,  from 
the  Eftedls  to  the  Caufes  ;  and  fir  ft  take  Notice,  how 
Things  appear  to  us,  before  we  make  a  Judgment  of  the 
Nature  and  Difpoiition  of  them. 

c??  4  «??? 

CHAP.  II. 

General  Obfervations . 

'"T’  H  E  firft  Thing  that  we  take  Notice  of,  is  the  Earth 
which  we  inhabit,  whole  Superficies  is  interrupted 
and  divided  by  a  great  Number  of  Rivers,  Lakes,  and 
Seas  ;  and  though  the  whole  Bulk  of  Earth  and  Waters, 
feems  to  us  to  be  immenfe,  yet  wc  are  affured  that  it 
is  bounded  and  limited,  (for  we  know  that  a  great  many 
,  Perfons 
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Perfons  have  gone  round  it  different  Ways)  and  confe- 
quently,  that  it  is  of  a  certain  Figure. 

2.  This  Figure  muft  neceftarily  confiff 
great  many  plain  Superficies,  or  elfeof  one 
perficies  j  if  it  confifts  of  but  one  continued  Superficies, 
that  muft  be  a  curved  one.  But  the  Earth  cannot  be 
bounded  by  a  great  many  plain  Superficies,  becaufe  thefe 
would  meet  in  different  Angles  where  the  Superficies  are 
connetfted  together,  fome  of  which  we  could  not  but 
take  notice  of  ;  but  we  do  not  perceive  any  fuch  Thing  : 

On  the  contrary,  where-ever  we  are,  the  wrhole  Extent, 
as  far  as  our  Eye  can  reach,  appears  plain  and  level.  We 
muft  conclude  therefore,  that  the  Earth  is  not  terminated 
by  a  great  many  plain  Superficies,  but  by  one  continued 
curved  one.  And  further,  becaufe  the  Earth  appears  e- 
qually  plain  every  where,  we  have  no  Reafon  to  think, 
that  the  Superficies  about  it  is  of  an  unequal  Curvature, 
and  therefore  we  conclude  it  to  be  alike  all  over,  that  is 
the  Earth  and  the  Waters  together  are  of  (1)  the  Figure  of 
a  Sphere  or  a  Globe,  or  a  Ball,  which  is  the  fame  Thing. 

3.  This  Globe  is  every  where  furrounded  with  Air,  3.  of  the 

beyond  which  is  that  immenfe  Space  which  is  called  the  Alr>  tbt 
Heavens,  wherein  we  fee  a  vaft  Number  of  Stars,  amongft  ^7h7* 
which  we  reckon  the  Sun  and  Moon.  Stan. 


,  either  of  a  tbe 

.  n  Earth  is 

particular  bu-  rou%d 


(1)  The  Figure  of  a  Sphere ,  &c  ) 
Concerning  the  Earth’s  being  round. 
See  Farenius's  Geography,  Book  I. 
Sefl.  2,  and  Tacquet' s  Afironomy , 
Book  I.  Num.  3.  However  it  is  cer¬ 
tain  that  the  Earth  is  not  exadtiy 
and  truly  round,  but  its  Diameter  at 
the  Equinoctial  Circle  is  to  its  Dia¬ 
meter  thro’  the  Poles,  as  6gz  to  689. 
SeeNewton's  Prin.  Book  l]l.Prop.l 9. 

But  Tacquet  in  his  Ajironomy  Book  I. 
Chap.  ii.  Numb  6.  has  drawn  fome 
very  neat  Canlequences  from  the 
R  undnefs  of  theEarth  ;  wh5ch  I  fhall 
add  here- 

Fir  ft  then.  If  any  Part  of theEarth' s 
Superfetes  be  plain.  Men  can  no  more 
ftand  upright  upon  it,  thin  they  can 
upon  the  Side  of  a  Mountain.  Secondly, 
Becaufe  the  Superficies  of  the  Earth  is 
giobous,  the  Bead  of  a  Traveller  goes 
a  logger  Journey  than  his  Feet  :  And 
he  who  rtdei  on  Horfeback,goes  a  longer 
Journey  than  he  who  walks  tbe  fame 
IV ay  on  Foot  :  So  likewife  the  upper 
part  of  the  Maji  of  a  Ship  goes  more 
Way  than  the  lower,  viz.  Becaufe 
they  move  in  Part  of  a  larger  Circle. 

Thirdly,  If  a  Man  goes  the  whole 

A 


Circumference  of  the  Earth's  Orb  ;  the 
Journey  which  his  Head  travels  ex- 
ceeds  that  of  his  Feet,  by  tbe  Circum¬ 
ference  of  a  Circle ,  whofe  Radius  is 
the  Man's  Height. 

Fourthly,  If  a  VeJJel  full  of  Water 
Were  lifted  up  perpendicularly ,  Jomecf 
tbe  Water  would  continually  run  over > 
and  yet  the  Veffel  would  be  always 
full,  viz.  Becaufe  the  Superficies  of 
the  Water  would  always  be  depieflld 
into  part  of  a  larger  Sphere- 

Fifthly,  If  a  Veffel  full  of  Wa'er 
were  carried  dir  Ally  downwards,  tbo' 
none  of  it  ran  over,  yet  the  Vejfel 
would  not  be  full,  viz  Brcaufe  the 
Superficies  of  theWater  israifed  con¬ 
tinually  into  part  of  a  lefs  Sphere. 

Whence  it  follows.  Sixthly,  I  hat 
the  fame  Vejfel  will  hold  more  Water 
at  the  Foot  of  a  Mountain  than  ut  the 
Top  ;  and  more  in  a  Cellar  than  in  a 
Chamber. 

To  which  may  be  added.  Laflly, 
That  two  Threads  upon  which  two 
Steel  Balls  bang  perpendicularly ,  are 
net  parallel  to  each  other,  but  Parts 
of  two  Radius's  which  meet  at  tbe 
Center  of  tbe  Earth, 

3  4-  The 
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4.7 bat  there  4,  The  greateft  Part  of  thefe  Stars  continue  always  in 

affandi  ^  fame  Place  with  refpect  to  each  other,  which  is  the 
Planets .  Reafon  why  they  are  called  fixed  Stars  ;  on  the  contrary, 
the  other  perpetually  change  their  Place,  and  are  there¬ 
fore  called  wandring  Stars  or  Planets. 

5.  of  the  5.  The  Number  of  the  fixed  Stars  which  appear  to  the 

fbTfi^ed^  na^e<^  -£ye*  *s  aThoufand  and  T wenty  Two,  fome  of 
Stan*  which  have  appeared  but  lately,  and  were  unknown  to 

the  Antients  ;  and  T hey  on  the  other  hand  faw  fomc, 
which  We  cannot  fee  now.  There  are  alfo  fome  Stars 
which  appear  but  for’  a  fhort  Time,  as  that  which  was 
feen  towards  the  latter  end  of  the  Year  1572,  which  at 
firft  appeared  brighter  and  larger  than  any  of  the  reft,  but 
diminishing  by  Degrees,  in  about  fix  Months  it  totally 
difappeared. 

6.  Of  the  6.  There  are  only  feven  Planets,  the  Names  of  which 

^he^tlane/s  are’  ^]C  Sun9  the  Moon ,  Mercury ,  Venus ,  Mars ,  Jupiter , 
and  Saturn. 

what  a  7.  The  Antients  difiinguifhed  the  whole  of  the  fixed 
Conjieliatien  Stars  into  feveral  Signs  or  Conjlellations ,  to  which,  with- 
“•  out  any  other  Reafon  than  their  own  Fancies,  they  gave 

the  Names  of  Bear ,  Lion ,  Mermaid ,  Serpent ,  &c. 

5?.  That  a  8.  Befides  the  Thoufand  and  Twenty  Two  fixed  Stars 
*r‘0t star's  now  men^one^5  innumerable  others  may  be  feen  through 
way  fa  [ten  a  Telefcope ;  and  there  may  alfo  be  feen  four  little  Planets 
by  the  bdp  of  which  always  accompany  Jupiter  at  a  fmall  Di fiance 
a  Telefcope.  from  him,  and  (1)  another  little  Planet  always  attending 
upon  Saturn. 

9.  Honv  tke  9.  The  Sun  and  Moon  are  the  Principal  amongft  the 
pwo  nay  p]ancts,  and  thefe  are  eafily  known  :  But  the  other  Pla- 
’  nets  can  be  known  only  by  their  apparent  irregular  Mo¬ 
tions,  and  by  the  Difference  of  their  Light,  which  does 
not  twinkle  fo  much  as  that  of  the  fixed  Stars, 
xo.  7 heap-  10.  All  the  Stars,  as  well  the  fixed,  as  the  Planets, 

Townie'  iecm  to  us<>  to  deferibe  a  great  many  Circumferences  of 
ZhJe  Hea-  parallel  Circles,  and  to  move  from  the  Eaft  to  the 
•vc  ns.  Weft. 


it  .What  is  JI*  They  perform  their  Revolutions  in  pretty  near 
meant  by  a  equal  Times  ;  and  the  Time  which  the  Sun  takes  up  in 
r.aturalDay.  going  one  Round,  is  called  a  natural  Day ,  and  is  com¬ 
monly  divided  into  twenty-four  Hours ,  and  each  Hour 
into  iixty  Minutes. 


(1)  Another  little  Planet  ?  Sec.)  Nay  about  Sa  turn,  as  Caffini  and  Huge  nil.  s 

there  may  be  fren  with  a  good  Te-  have  cbfaved. 

Itfcope  tu:  1n1.il  Planets  moving 


C  H  A  P. 


Chap.  3«  °f  Natural  Philosophy. 


CHAP.  III. 

Conjectures  how  to  explain  the  apparent  Motions  of 

the  Stars . 

THESE  Obfervations  being  allowed,  there  have  been  i.  'ihtfirfi 
two  Hypothefes  or  Suppofitions  made,  in  order  to 
account  for  them.  The  firft  is,  that  the  Earth  continues  Earth  does 
at  Reft  in  the  Middle  of  the  World,  and  that  the  whole  move* 
Heavens  move  round  it  from  Eaft  to  Weft,  and  carry  all 
the  Stars  along  with  them. 

2.  The  Second  fuppofes  on  the  contrary,  that  the  Hea-  i.Thefeconj 
vens  and  the  Stars  do  not  really  move  round  in  Four  and 
T wenty  Hours,  as  they  appear  to  us  to  do  ;  but  that  they  Heavens  da 
are  indeed  at  Reft,  and  feem  only  to  move ;  becaufe  the 
whole  Mafs  compofed  of  Earth,  Water  and  Air,  and  of 
every  Thing  which  we  fee  here,  does  really  turn  round 
its  own  Center  from  Weft  to  Eaft. 

3.  The  firft  of  thefe  two  Hypothefes  or  Suppofitions  what 
was  maintained  by  Arijlotle ,  Hipparchus ,  Ptolemy ,  and  Perfmt  <wete 
a  great  many  Philofophers. 

4.  The  latter  Hypothefis  was  maintained  by  Ecphantes ,  4.  who  were 
Seleucus ,  Ariftarchus ,  Philolaus ,  Plato ,  and  the  Pythagore -  rf the  latter 
ans.  Archimedes  alfo  fuppofes  this  to  be  true,  in  his  Book,  °t>tnlon- 
Entituled,  Of  the  Number  of  Grains  of  Sand,  ThisO- 
pinion,  after  having  been  buried  in  Oblivion  for  many  • 

Ages,  was  reviv’d  again  by  Copernicus  about  Two  hun¬ 
dred  Years  ago. 

5.  If  we  confider  thefe  Two  Hypothefes,  we  fliall  find  ^  Abates. 
that  they  will  both  equally  folve  thefe  Phaenomena  and  tber  of  thefe 
general  Obfervations  ;  for  all  the  vifible  Parts  of  the  HyPothef<* 
Heavens  will  feem  to  turn  round  from  Eaft  to  Weft  in  Tbfp^f 
Twenty-four  Hours,  the  fame  in  one  Hypothefis  as  in 
the  other.  Wherefore  having  as  yet  no  Reafon  to  follow 
the  one  rather  than  the  other,  we  ought  to  fufpend  our 
Judgment  with  refpedl  to  each  of  them  :  But  becaufe  we 
have  undertaken  to  argue  from  the  particular  Phaeno¬ 
mena,  which  cannot  be  done  without  being  of  one  Opi¬ 
nion,  or  taking  Part  with  one  Side,  let  us  firft  fuppofe 
the  common  Opinion  to  be  the  true  one. 
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C  H  A  P.  IV. 

’  v  y  „A  A  J.  \  ^  j 

Of  the  Figure  of  the  World. 

Of  the  principal  Points ,  Lines  and  Circles ,  which 
are  imagined  to  be  upon  the  Superficies  of  it. 

3.  By  the  WT  E  cannot  conceive  any  Body  to  be  in  Motion 
^’T^s^tbe  *  *  without  comparing  it  with  other  Bodies,  to  which 
^Heavens  are  ^  *s  differently  applied.  Now  upon  this  Supposition,  that 
limited ,  andt  the  Heavens  move,  we  mull  necefTarily  compare  them 
tjVorief'illf  ihmething  that  we  imagine  to  be  beyond  them ;  and 
a  fpberkal  therefore  we  cannot  but  fuppofe  them  limited.  And  be- 
gigvre.  caufe  Reafon  and  Experience  fliew  us,  that  a  Body  in¬ 
cluded  within  another,  cannot  move  freely,  if  there  be 
any  Angles  on  its  Superficies  j  therefore  fince  the  Heavens 
appear  to  move  very  freely,  we  do  readily  conceive  their 
Superficies  to  be  without  any  Angles,  and  confequently 
fpherical  ;  and  further,  not  concerning  our  felves  with 
what  may  be  beyond  this  Superficies,  but  only  taking 
all  that  is  contained  in  it  for  the  Univerfe ,  we  affirm 
that  the  World,  or  the  Univerfe,  is  of  a  fpherical  FL 
gure. 

2.  Ofthtdi-  2.  When  we  fuppofe  the  whole  Heavens  to  turn  round 
umalCircltu  every  Day,  and  to  finifh  their  Revolution  in  Twenty- 
four  Hours,  we  imagine  at  the  fame  Time,  that  eve¬ 
ry  Point  in  them  except  T wo,  deferibe  Circles  parallel 
to  each  other,  and  thefe  are  called  diurnal  or  daily 
Circles. 

3-  °f tbe  3.  Thefe  Circles  are  all  unequal,  and  the  largefl  of 

Equator .  }s  called  the  Equator ,  or  the  EquinoSlial  Circle. 

4-  Of  the  4.  X he  two  Points  in  the  Superficies  of  the  Heavens 

do  not  deferibe  any  Circles  at  all,  but  only  turn 
about  themfelves,  are  called  the  Poles  cf  the  World.  One 
of  them,  viz.  that  which  is  in  the  Part  of  the  Heavens 
viable  to  us,  is  called  the  'Ar Stick  Pole,  and  the  other  the 
Ant  ar  Stick.  ... 

c,  of  the  5.  The  {freight  Line  which  goes  from  one  Pole  to  the 
other,  and  paffes  through  the  Center  of  the  Earth,  is 
called  the  Axis  of  the  World. 


6.  Sincr 
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6.  Since  *we  can  always  fee  one  Half  of  the  Heavens, 
in  what  Part  of  the  Earth  foever  we  be,  if  our  Sight  be 
not  hindred  by  Mountains,  or  fome  fuch  Thing,  this  is  compared 
a  Proof,  that  the  Earth  is  but  of  a  very  inconfiderable 
Bignefs,  compared  with  the  Heavens,  and  that  it  may  be 
taken  for  a  Point,  with  regard  to  the  vaft  Extent  of 
them. 

n.  The  Circle  which  feparates  the  vifible  Part  of  the  7-  °f tht 
Heavens  from  that  which  is  invifible,  is  called  the  Horl-  Honxm' 

%on ,  which  is  different  according  to  the  different  Parts 
of  the  Surface  of  the  Earth  where  we  are. 

8.  The  Poles  of  the  Horizon ,  are  two  Points  of  the  Su-  8.  of  the 
perficies  of  the^  World,  each  of  them  equally  diftant  from  a r<i 
every  Part  of  the  Horizon  ;  that  Pole  which  is  over  our 

Head  is  called  the  Zenith ,  and  the  other  the  Nadir. 

9.  The  Meridian  is  that  Circle  which  we  imagine  to  9.  Of  the 
pafs  through  both  the  Poles  of  the  World,  and  the  Poles  Meridian. 
of  the  Horizon. 

10.  It  is  evident,  that  the  Meridian  alters,  if  we  go  to  to.  That  tbs 

any  other  Place,  which  is  Eajl  or  Weft.  ^Tmt'tbe 

11.  The  Circles  which  we  conceive  to  pafs  through  Mendi  an 

the  Poles  of  the  World,  and  every  Point  of  the  Equator,  everywhere. 
are  called  Circles  of  Declination.  cYrduof* 

12.  Thofe  Circles  which  we  imagine  to  pafs  through  Declination. 
both  Poles  of  the  Horizon  and  every  Point  of  its  Circle,  ,2-  °f  dzi- 
are  called  Azimuths  or  vertical  Circles ,  or  Circles  inter-  u 

fe  fling  each  other  in  the  point  direftly  over  our  Heads. 

13.  Molt  part  of  thefe  Things  are  by  Analogy  1 V  the 
transferred  to  the  Superficies  of  the  Earth.  Thus  the 
Earth’s  Equator ,  or  Equinoctial  Line ,  or  in  general,  the 

Line ,  is  a  great  Circle  which  v/e  imagine  to  be  on  the 
Surface  of  the  Earth  direCtly  under  the  Equator  of  the 
Heavens. 

14.  The  Axis  of  the  Earth  is  a  Part  of  the  Axis  of  the 

World,  included  in  the  Body  of  the  Earth.  Axis. 

i<.  The  Poles  of  the  Earth  are  the  two  Extreme  Points  >5*  °f  the 

ofitSAxis.  _  P£ni,b‘ 

16.  The  Meridians  upon  the  Earth ,  which  are  alfo  cal-  16.  0'  the 

led  Circles  of  Latitude ,  are  a  great  many  Circles  palling  Circles  <f 
thro’  the  Poles  of  the  Earth,  and  the  feveral  Points  of  the 
Equinoctial  Line.  "  K  Earth. 

17.  There  is  one  Meridian  upon  the  Earth,  which  ^frT 
Geographers  call  the  firft  Meridian ,  and  Ptolemy  has  been  dLn. 
ufually  followed  in  this,  who  chofe  for  the  fir  11  Meridian, 

the  Circle  that  paffes  through  the  Ifland  of  Hierro ,  one 
of  the  Canary  I  (lands. 

18.  To 


IO 

X$.  The  Or¬ 
der  of  tbs 
Meridiani. 

19.  Of  the 
Circles  of 
Longitude 
upon  the 
Earth . 

20.  How 
any  Circle  is 
divided. 


T.  The  fr [l 
Ufe  of  the 
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18.  To  know  the  Order  and  Number  of  Meridians, 
it  is  cuftomary  to  reckon  them  from  Weft  to  Eaji. 

19.  The  Circles  of  Longitude  upon  the  Earthy  are  a 
great  many  Circles,  which  we  conceive  on  its  Superficies, 
to  be  parallel  to  its  Equator  :  they  are  on  both  Sides  of 
this  Line,  and  diminifli  as  they  grow  nearer  to  the 
Poles. 

20.  All  the  Circles  which  we  imagine  to  be  either  in 
the  Heavens  or  on  the  Earth,  are  divided  into  three 
Hundred  and  Sixty  equal  Parts,  which  are  called  De¬ 
grees ,  and  every  Degree  is  divided  into  Sixty  Parts,  which 
are  called  Minutes ,  &c.  fo  that  the  Word  Minute  is  am¬ 
biguous,  fignifying  as  well  the  Sixtieth  Part  of  an  Hour, 
as  the  Sixtieth  Part  of  a  Degree. 

CHAP.  V. 

Of  the  chief  Ufes  of  the  Circles  of  the  Sphere  of 

the  World . 

TH  E  Equator  in  the  Heavens ,  divides  the  World  in¬ 
to  two  equal  Parts  ;  that  in  which  the  Ar flick  Pole 
is,  is  called  the  Northern  Part,  and  the  other  is  called  the 
Southern  Part. 

2.  The  Motion  of  the  Equator  is  the  Meafure  of 
Time,  for  we  judge  the  Time  to  be  more  or  lefs,  ac¬ 
cording  as  there  pafs  more  or  fewer  Degrees  of  this 
Circle  crofs  the  Meridian.  The  fpace  in  which  there 
pafles  fifteen  Degrees  of  the  Equator ,  is  an  Hour  ;  and 
the  Space  in  which  there  paifes  the  Sixtieth  Part  of 
Fifteen  Degrees,  that  is,  fifteen  Minutes,  is  a  Minute  of 
an  Hour. 

3.  The  Horizon  divides  the  World  into  two  equal 
Parts,  which  are  called  Hemifpheres  j  that  which  is  vifible 
to  us,  is  called  the  upper  Hemifpherc ,  and  the  other  the- 
lower  Hemifpherc. 

4.  When  the  Horizon  cuts  any  diurnal  Circles,  it  is  a 
Proof  that  thofe  Stars  which  are  in  thefe  Circles  rife  and 
fet  ;  on  the  other  Hand,  when  it  does  not  cut  any,  it  is 
an  Argument  that  the  Stars,  which  are  in  thefe  diurnal 
Circles,  do  not  rife  and  fet  at  all. 


5.  When 
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5.  When  any  of  thefe  Circles  are  cut  by  the  Horizon, 
the  upper  Part  is  called  the  diurnal  Arch ,  and  the  lower 
Part  the  nocturnal  Arch. 

6.  The  Quantity  of  thefe  Arches,  {hews  us  how  long 
the  Star  which  is  in  them,  is  above  or  below  the  Ho¬ 
rizon. 

7.  The  four  Points  where  the  Meridian  and  the  E- 
quator  cut  the  Horizon ,  are  called  the  Cardinal  Points. 

8.  The  Place  where  the  Meridian  cuts  the  Horizon 
in  that  Part  where  the  Arflick  Pole  is,  is  called  the 
North ,  and  the  Point  oppofite  to  it ,  is  called  the 
South. 

9.  The  Place  where  the  Equator  cuts  the  Horizon  on 
that  Side  where  the  Sun  rifes,  is  called  the  Eajl ,  and 
the  Place  oppofite  to  it,  is  called  the  Weft. 

10.  The  Place  which  is  between  any  two  of  thofe, 
has  its  Name  from  the  Compofition  of  thofe  Two; 
thus  the  Place,  which  is  betwixt  the  North  and  the 
Eaft,  is  called  the  *  North-Eafi ,  that  which  is  betwixt 
the  North  and  the  Wed:,  is  called  the  North-Weft ,  that 
which  is  betwixt  the  South  and  the  Eaft,  is  called  the 
South-Eaji ,  and  that  which  is  betwixt  the  South  and  the 
Weft,  is  called  South-Weft. 

11.  The  Meridian  divides  the  World  into  two  equal 
Parts,  that  which  is  on  the  Side  where  the  Stars  rife,  is 
called  the  Eaft ,  and  the  other  the  Weft. 

12.  The  Meridian  divides  the  diurnal  Arches  into  two 
equal  Parts,  and  therefore  {hews,  that  the  Diftance  of 
the  Stars  from  their  riling  to  their  coming  to  the  Meri¬ 
dian,  is  equal  to  the  Diftance  from  the  Meridian  to  their 
Setting;. 

O  _ _ _ 

13.  The  Meridian  determines  the  greateft  Altitude  a- 
bove  the  Horizon,  of  thofe  Stars  which  rife  and  fet  ; 
and  both  the  greateft  and  the  leaft  Altitude  of  thofe  Stars 
which  never  fet. 

14.  The  Arch  of  the  Meridian  contained  betwixt  the 
Pole  of  the  World  and  the  Horizon ,  is  called  the  Ele¬ 
vation  of  the  Pole,  and  fo  likewife  the  Arch  of  the  Me¬ 
ridian  contained  between  the  Equator  and  the  Horizon , 
is  called  the  Elevation  of  the  Equator. 

15.  Each  of  thefe  two  Elevations,  is  the  Comple¬ 
ment  of  the  other  to  ninety  Degrees ,  that  is,  either  of 
them  being  taken  out  of  ninety  Degrees ,  the  Remainder 
is  the  other. 

16.  The  Circles  of  Declination  ferve  to  {hew  the  Di¬ 
ftance  of  any  Star  from  the  Equator ;  for  what  we  call 

the 
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the  Declination  of  a  Star,  is  nothing  elfe  but  an  Arch  of 
one  of  thefe  Circles  contained  between  the  Star  and  the 
Equator. 

1 7.  The  Azimuths  ferve  to  {hew  the  Altitude  or  E- 
levation  of  a  Star  above  the  Horizon ,  or  how  far  it  is 
diftant  from  this  Circle. 

18.  The  firft  Azimuth  being  that  which  cuts  the 
Meridian  at  right  Angles,  and  from  whence  we  begin 
to  number  the  red  ;  it  is  evident,  that  if  we  know  in 
what  Azimuth  any  Star  is,  we  can  eafily  tell  where  to 
find  it. 

19.  The  terrejlrial  Equator  divides  the  Earth  into 
two  equal  Parts,  that  in  which  the  Arftick  Pole  of 
the  World  is,  is  called  the  Norths  and  the  other  the 
South. 

20.  From  this  Circle  we  begin  to  reckon  the  Lati¬ 
tude^  fo  that  the  Latitude  of  any  Town  or  other  Place 
of  the  Earth,  is  the  Arch  of  a  terrejlrial  Meridian  con¬ 
tained  betwixt  fuch  a  T own  or  Place  on  the  Earth  and 
the  Equator . 

21.  They  who  live  in  the  terreftrial  Equator,  have 
their  Zenith  in  the  celeftial  Equator,  and  they  who  live 
at  any  Number  of  Degrees  diftant  from  the  terreftrial 
Equator,  have  their  Zenith  as  far  removed  from  the  ce- 
leftial  Equator  ;  and  becaufe  there  is  always  a  quarter  of 
a  Circle  contained  between  the  Zenith  and  the  Horizon , 
this  latter  Circle  muft  neceftarily  be  as  far  diftant  from 
the  Pole,  as  the  Zenith  is  from  the  celeftial  Equator  : 
So  that  the  Number  of  Degrees  of  the  Elevation  of  the 
Pole  above  the  Horizon ,  is  always  equal  to  the  Number 
of  the  Degrees  of  the  Latitude  j  wherefore  if  we  know 
one  of  thefe,  we  know  the  other  alfo. 

22.  In  order  to  find  the  Elevation  of  the  Pole  above 
the  Horizon ,  we  muft  obferve  the  greateft  and  lead: 
Height  of  any  Star  which  never  fets,  and  half  the  Diffe¬ 
rence  of  thefe  two  Pleights,  added  to  the  leaft,  or  taken 
from  the  greateft,  will  give  the  Elevation  of  the  Pole. 

23.  Thus  we  obferve  at  Paris ,  that  the  leaft  Height 
of  the  Star  next  to  the  Pole  above  the  Horizon  is  46 
Degrees  25  Minutes,  and  its  greateft  Height  51  De¬ 
grees,  25  Minutes.  The  Difference  of  thefe  two  Heights 
is  5  Degrees,  the  half  of  which  is  2  Degrees,  30  Mi¬ 
nutes,  which  added  to  the  leaft,  or  taken  from  the 
greateft  Height,  makes  48  Degrees  55  Minutes  for  the 
Elevation  of  the  Pole,  and  confequently  this  is  the  La¬ 
titude  at  Paris . 

24.  It 
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24.  It  is  to  be  obferved,  that  if  a  Star  be  at  its  leaf!  24 .That  tbe 
Height  above  the  Horizon  at  a  given  Hour,  it  muff  de- 

fcribe  half  its  diurnal  Circle,  before  it  come  to  its  greateft  finding  the 
Height ;  and  becaufe  this  will  take  up  twelve  Hours,  it  Elevation  is 
is  evident,  that  the  Star  ought  to  be  vifible  all  that  Time, 
which  fhews,  that  fuch  Obfervations  cannot  be  made  but  ter. 
in  the  long  Nights  of  the  Winter. 

25.  The  Ufe  of  the  firjl  Meridian ,  is  to  cut  every  25.  The  Ufe 
Circle  of  Longitude  in  a  certain  Point  from  whence  we 

begin  to  reckon  the  Longitude  of  every  other  Point  in  £  * 

that  Circle.  For  what  we  call  the  Longitude  of  any 
Place  upon  the  Earth,  is  nothing  elfe  but  the  Arch  of 
any  Circle  of  Longitude,  contained  betwixt  the  firft 
Meridian  and  that  Place,  counting  from  JVeJi  to  Eaji  : 

Thus  we  fay,  that  the  Longitude  of  Paris  is  23  De¬ 
grees  30  Minutes  ;  by  which  we  mean,  that  the  Arch 
of  the  Circle  of  Longitude  which  paftes  through  Parisy 
and  is  contained  between  that  City  and  the  firft  Meridi¬ 
an,  is  23  Degrees,  30  Minutes. 

26.  The  Circles  of  Latitude  and  the  Circles  of  Longi-  2 6,  The  Ufe 

tude ,  interfecft  and  divide  each  other  mutually.  And  °PhJ Clrcl‘* 
indeed  if  we  fuppofe,  that  there  are  three  hundred  and  ^  7  u  e' 

fixty  Semicircles  of  Latitude  equally  diftant  from  each 

other,  and  one  hundred  and  eighty  Circles  of  Longitude 
equally  diftant  from  each  other  alfo,  they  will  divide 
each  other  by  their  Interfedfions  into  Degrees  ;  fo  that 
if  any  Town  be  upon  the  thirtieth  Circle  of  Latitude, 
this  fhews  it  to  have  thirty  Degrees  of  Longitude  ;  and 
fo  likewife,  if  it  be  upon  the  fortieth  Circle  of  Lon¬ 
gitude,  reckoning  from  the  Equator  to  the  Pole,  this 
fhews  it  to  have  forty  Degrees  of  Latitude. 

27.  Befides  thefe  particular  Ufes  of  the  feveral  Circles  27*  Tbege- 
of  the  Sphere  now  mentioned,  there  is  one  which  is 
common  to  them  all,  and  which  ought  principally  to  be  c/es. 
confidered  in  this  Place,  and  that  is,  that  all  of  them  to¬ 
gether,  do  firft  help  us  to  determine  the  apparent  Motion 

of  every  Star,  by  which  Means  we  come  to  the  Know¬ 
ledge  of  their  true  Motions.  Let  us  firft  examine  that 
of  the  Sun,  the  Properties  of  which  ought  to  be  en¬ 
quired  into  before  we  confider  thofe  of  the  other  Stars, 
as  being  moft  neceflarily  to  be  known. 
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CHAP.  VI. 

Obfervations  about  the  Sun9 s  Motion . 
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HP  H  E  Sun  Teems  to  us  to  deferibe  every  Day  from 
**-  Ealt:  to  Weft,  a  Circle  parallel  to  the  Equator. 

2.  We  ob ferve,  that  the  Sun  does  not  deferibe  an 
exa<ft  Circle  every  Day  fucceftively,  for  it  does  not  rife 
precifely  in  the  fame  Point  of  the  Horizon  any  Day  that 
it  did  the  Day  before. 

3.  The  Sun  fo  alters  its  Courfe,  in  palling  crofs  the 
Horizon  and  Meridian ,  as  to  make  a  great  many  Revo¬ 
lutions  in  the  Northern  and  a  great  many  in  the  Southern 
Parts  of  the  World. 

4.  There  are  certain  Limits  in  the  Horizon  and  in  the 
Meridian ,  which  the  Sun  never  pafies  ;  thefe  Limits  in 
the  Meridian ,  are  twenty  three  Degrees  and  a  Half  dis¬ 
tant  from  the  Equator  on  each  Side. 

5.  When  the  Sun  rifes  near  either  of  thefe  Limits, 
the  Place  of  its  rifing,  and  alfo  that  where  it  crofles  the 
Meridian,  is  lefs  fenfibly  altered,  than  when  it  is  near 
the  Equator. 

6.  The  Sun  moves  flower  from  Eaft  to  Weft  than 
the  fixed  Stars,  as  is  eafy  to  be  obferved  ;  for  if  at  any 
Time  we  fee  a  Star  in  the  Meridian  two  or  three  Hours 
after  the  Sun  is  fet,  and  look  upon  the  fame  Star  a 
Month  after  at  the  fame  Hour  from  Sun  fet,  the  Star 
will  be  got  thirty  Degrees  diftant  from  the  Meridian. 

7.  The  Sun  appears  bigger  in  the  Southern  Part  than 
in  the  Northern. 

8.  The  Sun  makes  feven  or  eight  Revolutions  more 
in  the  Northern  than  in  the  Southern  Part. 


\ 
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CHAP.  VII. 

Con] e Bures  how  to  explain  the  Phenomena  of 

the  S  U  N. 


LET  us  imagine  in  the  Sphere  of  the  World,  a  Cir-  '■  Of  tie 
cle,  whofe  Pofition  is  fuch,  that  cutting  the  cae-  tffEcUgtick 
leftial  Equator  in  two  Points  diametrically  oppofite  to 
each  other,  it  makes  with  it  an  Angle  of  twenty  three 
Degrees  and  a  half:  This  Circle  we  fhall  henceforth  call 
the  Ecliptick. 

2.  Let  us  imagine  further,  that  the  Sun  is  fo  car-  ^’u^{^er 
ried  from  Eaft  to  Weft  by  the  common  Motion  of  the  Motion. 
whole  Heavens,  that  whilft  it  goes  once  round  in  this 
manner,  the  Place  of  the  Heavens  in  which  it  is  con¬ 
tained  ( and  which  may  be  called  its  own  particular 
Heaven)  carries  it  from  Weft  to  Eaft  in  the  Plane  of 
the  Ecliptick,  in  which  it  advances  near  a  Degree  every 
Day,  in  a  Circle  whofe  Circumference  is  not  every 
where  equally  diftant  from  the  Earth,  but  is  a  little 
nearer  it  in  the  Southern  Part  of  the  World,  than  in 
the  Northern. 

3.  This  Circle,  whofe  Center  is  different  from  the  5.  Of  tie 
Center  of  the  Earth,  is  called  the  Surfs  excentrick  Orbit :  Sun,sJ  pen“ 
That  Point  of  it,  which  is  at  the  greateft  Diftance  from  ofhT 
the  Earth,  is  called  the  Apogceum ,  and  that  Point  which  Jpogaum 
is  neareft,  is  called  the  Peripaum.  and  Perigee- 

4.  By  means  of  this  Hypothecs,  of  which  Hipparchus  4.  72» 
was  the  Inventor  about  one  hundred  and  twenty  Years  Hippar- 
before  the  Birth  of  our  Saviour;  not  only  all  Phseno- 
mena  which  we  juft  now  mentioned,  may  be  accounted  five!  all  the 
for,  but  all  thofe  likewife,  which  may  be  here  or  elfe-  Phenomena. 
where  obferved.  * 

5.  And  Becaufe  the  whole  Heavens  move  round  5*  Wby  the 
from  Eaft  to  Weft,  it  is  evident,  that  the  Sun  muft  like- 
wife  move  round  in  the  fame  manner,  and  deferibe  a  Eaft  to  Weft, 
Circle  parallel  to  the  Equator. 

6.  Secondly ,  Becaufe  the  Sun  goes  forward  near  a  De-  6:  Why,  it 
gree  in  the  Ecliptick  every  Day,  it  muft  change  its  D z-r ft' ft  Placet 
clination  every  Day,  that  is,  its  Diftance  from  the  E-  in  the  Ho - 
quator ;  and  confequently  it  muft  rife  every  Day  in  a  r/ 
different  Place,  and  never  crofs  the  Horizon  two  Days 
together  in  the  fame  Point, 


nzon » 


7,  Thirdly , 


> 
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7.  Why 
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7.  Thirdly ,  The  Ecliptic k  extending  it  fe If  both  into 
the  Northern  and  Southern  Part  of  the  World;  the  Sun 
in  palling  through  all  the  Degrees  of  it,  muft  neceflarily 
make  a  great  many  Revolutions  on  each  Side  of  the 
Equator. 

8.  Fourthly ,  And  becaufe  it  never  moves  out  of  the 
Ecliptick ,  it  can  never  be  further  diftant  front  the  Equa¬ 
tor,  than  the  Ecliptick  it  felf  is  ;  therefore  there  are  cer¬ 
tain  Limits  both  in  the  Horizon  and  Meridian ,  beyond 
which  it  never  pafles. 

Fifthly ,  As  the  Pofition  of  the  Circumference  of  the 
Ecliptick  in  the  Heavens  now  is,  the  extreme  Parts  of 
the  fame  Degree  are  not  fo  unequally  diftant  from  the 
Equator,  in  thofe  Places  of  the  Ecliptick  which  are  fur- 
theft  from  it,  as  in  thofe  Places  where  thefe  Circles  in- 
terfeeft  each  other.  Wherefore  the  Sun  ought  not  fo  fen- 
fibly  to  alter  its  Diftance  from  the  Equator  every  T wenty- 
four  Hours,  when  it  is  near  thofe  Points  where  the  Eclip¬ 
tick  and  Equinoctial  Circle  are  at  the  greateft  Diftance,  as 
when  it  is  near  where  they  interfe£t ;  and  confequently  it 
muft  at  that  Time  lefs  fenfibly  alter  its  Place  of  Riling 
and  Setting  and  crofting  the  Meridian  every  Day. 

10.  Sixthly ,  The  Motion  of  the  Sun*  from  Eaft  to 
Weft,  ought  to  be  fo  much  flower  than  that  of  the 
fixed  Stars,  as  it  advances  every  Day  towards  the 
Eaft. 

11.  Seventhly ,  The  Sun  being  nearer  the  Earth  when 
it  is  in  the  Southern  Part,  than  when  it  is  in  the  Nor¬ 
thern,  it  ought  to  appear  bigger  in  the  one  than  it  does 
in  the  other. 

12.  Eighthly ,  Becaufe  there  is  a  greater  Part  of  the 
Sun’s  Excentrick  Orbit  contained  between  the  Equator 
and  the  ArcSfick  Pole,  than  between  the  fame  Equator  and 
the  Antarcftick  Pole,  therefore  the  Sun  has  more  Degrees 
to  pafs  through,  and  confequently  more  Revolutions  to 
make  in  the  Northern,  than  in  the  Southern  Parts  of  the 
World. 

13.  Now  if  we  look  upon  an  Artificial  Sphere,  which 
reprefents  the  natural  Globe  of  the  World,  we  fhall  fee 
that  amongft  all  the  diurnal  Circles  which  the  Sun  de¬ 
feribes  every  Day,  it  is  the  Equator  only  which  is  cut 
into  two  equal  Parts  by  the  Horizon ,  and  that  thofe  Cir¬ 
cles  which  are  on  the  Northern  Part  of  the  World,  have 
the  Diurnal  Arch  bigger  than  the  Nocturnal,  and  thofe 
on  the  Southern  Part,  have  on  the  contrary,  the  Noctur¬ 
nal  Arch  bigger  than  the  Diurnal  >  hence  it  neceflarily 

fol- 
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follows,  that  when  the  Sun  is  in  the  Equator,  the  Days 
and  Nights  muft  be  equal,  when  the  Sun  is  in  the  Nor¬ 
thern  Parts,  the  Days  muft  be  longer  than  the  Nights, 
when  it  is  in  the  Southern  Parts,  the  Nights  muft  be 
longer  than  the  Days. 

14.  We  fhall  alfo  fee  that  the  Difference  betwixt  the 
diurnal  and  noCturnal  Arch  of  one  and  the  fame  Circle,  and fiortejt 
is  fo  much  the  greater  as  the  Circle  is  further  diftant  Day* 
from  the  Equator  5  whence  it  follows,  that  the  longeft 
Day  muft  be,  when  the  Sun  is  at  its  greateft  Diftance 
that  it  can  be  from  the  Equator  on  that  Side  where  the 
vifible  Pole  is  ;  and  on  the  contrary,  the  fhorteft  Day 
muft  be  when  it  is  furtheft  diftant  towards  the  invifible 
Pole. 


15.  If  we  place  the  two  Poles  of  the  artificial  Sphere  15.  That  the 
in  the  Horizon ,  in  order  to  reprefent  the  Situation  of  the  DV'S  and 
natural  Globe,  with  refpeCl  to  thofe  People  who  live  in  ^i£*JyS  ^ 
the  Equinoctial  Circle,  we  fhall  fee  that  all  the  diurnal  quai  10  them 
Circles  are  divided  into  two  equal  Parts  j  and  there- 

fore  to  thofe  People  the  Days  are  always  equal  to  the  Equator. 
Nights. 

16.  We  may  obferve  alfo,  that  the  further  any  Place  We  fur¬ 

is  diftant  from  the  Equinoctial  Line,  and  confequently 

the  higher  the  Elevation  of  the  Pole  be,  fo  much  the  from  tie 
greater  alfo  will  the  diurnal  Arches  be  than  the  NoClnr-  ^3uat0r>tba 
nal,  on  that  Side  where  the  Pole  is  elevated  :  Whence  tb^Deyti 
it  follows,  that  when  the  Sun  defcribes  thefe  Arches,  the 
Days  ought  to  be  longer  than  the  Nights  in  proportion  to 
the  Diftance  from  the  Equinoctial  Line. 

17.  The  diurnal  Circle,  which  the  Sun  defcribes  when  17.  That 
it  is  at  the  greateft  Diftance  from  the  Equator  towards  there  is  one 
the  vifible  Pole,  being  diftant  from  the  Equator  23  De-  fyaf*™en' 
grees  and  30  Minutes ,  it  follows,  that  it  is  diftant  from  Hours  iong^ 
the  Pole  of  the  World  66  Degrees  and  30  Minutes .  Cl^!:ere  tke 
This  being  fo,  thofe  People  who  are  in  the  Latitude  of  it^pfjcfis 
66  Degrees  and  30  Minutes ,  which  is  the  heighth  of  66  Degn  s 
the  Pole  to  them  above  the  Horizon,  muft  neceffarily  3°  Minutes* 
fee  this  whole  diurnal  Circle  ;  whence  it  follows,  that 


they  have  one  Day  Twenty-four  Hours  long. 

1 8.  By  elevating  the  Pole  of  the  artificial  Sphere  above 
the  Horizon  to  the  Zenith,  fo  as  to  reprefent  the  Situ¬ 
ation  of  the  natural  Globe,  with  regard  to  thofe  People 
who  live  upon  the  Pole  of  the  Earth  ;  we  fhall  find  the 
cceleffial  Equator  to  coincide  with  the  Horizon  ;  and 
therefore,  fo  long  as  the  Sun  is  in  that  Part  of  the 
World,  where  the  Pole  is  elevated,  it  will  be  always 
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vifible  to  that  People,  that  is,  it  will  be  Day  all  that  Time ; 
and  on  the  other  Hand,  as  the  Sun  will  be  invifible  as  long 
as  it  continues  in  the  other  Part  of  the  World,  it  follows, 
that  their  Night  will  be  very  near  as  long  as  their  Day  was. 

19.  We  imagine  the  Ecliptick,  as  we  do  all  the  other 
Circles  of  the  Sphere,  not  to  have  any  Breadth  ;  but  we 
take  a  Breadth  of  fix  Degrees  on  each  Side  of  the  Eclip¬ 
tick  to  compofe  a  Breadth  of  twelve  Degrees,  to  which 
We  give  the  Name  of  'Zodiack  j  fo  that  we  may  fay,  the 
Sun  is  always  in  the  Middle  of  the  Zodiack. 

20.  This  Circle  is  commonly  divided  into  twelve 
equal  Parts,  which  are  called  the  Twelve  Signs ,  the  order 
of  which  is  reckoned  from  Weft  to  Eaft,  beginning  at 
the  Point  where  the  Equator  and  Ecliptick  interfedl 
each  other,  and  where  the  Sun  by  its  proper  Motion 
paftes  from  the  Southern  to  the  Northern  Parts  of  the 
World. 

21.  The  Names  which  the  Antients  thought  fit  to 
give  to  the  Signs,  are,  Aries ,  Taurus ,  Gemini ,  Cancer , 
Leo,  Virgo ,  Libra ,  Scorpio ,  Sagittarius ,  Capricornus , 
Aquarius ,  and  Pifces. 

22.  Thefe  Names  are  taken  from  the  twelve  Conftel- 
lations  which  were  in  thefe  Signs  in  Hipparchus’s  Time  ; 
but  they  have  changed  their  Places  fo  much  fince,  that  the 
Conftellation  called  Aries ,  is  got  out  of  the  Sign  Aries 
into  that  of  Taurus ,  and  fo  of  the  reft. 

23.  There  are  four  remarkable  Points  in  the  Ecliptick, 
two  of  which  are  in  thofe  Places  where  the  Ecliptick 
and  Equator  interfeul  each  other,  which  are  called  the 
Equinoctial  Points  in  particular,  becaufe  when  the  Sun 
is  in  thefe  Points,  it  is  the  Equinox,  that  is,  the  Days 
and  Nights  are  equal. 

24.  The  other  two  Points  are  in  thofe  Places  which 
are  furtheft  diftant  from  the  Equator,  and  are  called  tire 
Solflices ,  that  is,  the  Points  where  the  Sun  feems  to  ftand 
ftill  ;  not  that  when  it  is  got  thither,  it  does  not  move 
as  ufual,  cither  with  that  Motion  which  it  has  in  com¬ 
mon  with  the  fleavens  from  Eaft  to  Weft,  or  with  its 
own  proper  Motion  in  its  Heaven  from  Weft  to  Eaft  ; 
but  becaufe  it  does  not  feem  to  advance  cither  towards 
the  North  or  the  South. 

25.  When  the  Heavens  turn  round  in  twenty-four 
Hours,  the  Solftitial  Points  defcribe  two  Circles  parallel 
to  the  Equator,  which  are  called  the  Tropicks  ;  that  is  cal¬ 
led  the  Tropick  of  Cancer ,  which  is  dcfcribed  by  thefirft 
Point  of  the  Sign  Cancer.  \  and  that  is  called  the  Tropick 
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of  Capricorn ,  which  is  defcribed  by  the  firft  Point  of 
the  Sign  Capricorn . 

26.  As  the  Ecliptick  is  Twenty  three  Degrees  and  a  26.  Of  the 
half  diftant  from  the  Equator,  fo  are  the  Poles  of  the  Polar  ClTm 
Ecliptick  as  far  diftant  from  the  Poles  of  the  World : dsi' 
Whence  it  follows,  that  by  the  diurnal  Motion  of  the 
Heavens,  the  Poles  of  the  Ecliptick  muft  deferibe  Cir¬ 
cles  parallel  to  the  Equator,  which  are  Twenty-three 
Degrees  and  a  half  diftant  from  the  Poles  of  the  World, 

2nd  thefe  afe  called  the  Polar  Circles. 

27.  If  we  transfer  the  two  Tropicks ,  and  the  two  Polar  27.  °f 
Circles  to  the  Surface  of  the  Earth,  it  will  be  divided  Zanet' 
into  five  Parts,  which  are  called  the  five  Tones ;  that 
which  is  contained  between  the  two  Tropicks ,  is  called 

the  Torrid  Tone  ;  thofe  which  are  contained  between  the 
Tropicks  and  the  Polar  Circles,  are  called  the  Temperate 
Tones ;  and  the  two  remaining  ones,  each  of  which  are 
comprehended  in  a  Polar  Circle ,  are  called  the  Frigid 
Tones. 

28.  The  Time  in  which  the  Sun  goes  through  the  2g.  of  a 

whole  Ecliptick,  is  called  a  Tear ,  and  is  365  Days,  5  Year,  and. 
Hours,  and  about  49  Minutes.  the  length 

29.  That  this  Year  might  obtain  all  over  the  Roman  of  the 
Empire,  and  that  the  5  Hours  and  49  Minutes  which  Julian  Tear , 

the  common  Year  confifts  of  above  365  Days,  might  Tiiot^xaa* 
make  the  leaft  Error  that  could  be  ;  Julius  Caefar  ap-  " 
pointed,  that  for  the  future,  every  fourth  Year  fhould 
confift  of  366  Days  ;  by  this  means  the  Year  would  not 
be  above  eleven  Minutes ,  or  thereabouts,  longer  than  it 
fhould  be ;  which  was  thought  to  be  an  inconliderable 
Error. 

30.  However,  this  Error  fo  increafed  by  little  and  30.  Of  the 
little  in  length  of  Time  ;  that  whereas  in  the  Times  Gregorian 
of  the  firft  Chrijlians ,  the  Sun  entered  into  Aries  not  till  mef!  a,!on* 
the  twenty-firft  Day  of  AAarch ,  fifteen  hundred  Years 

after  it  entered  the  eleventh,  which  is  ten  Days  diffe¬ 
rence:  And  this  was  the  Reafon  of  Pope  Gregory  the 
XIII’s  ordaining,  that  this  Error  of  ten  Days  fhould  be 
taken  out  of  the  Year  1582,  fo  that  inftead  of  confift- 
irlg  of  365  Days,  it  fhould  confift  only  of  355  :  And 
becaufe  in  length  of  Time  the  fame  Error  would  hap¬ 
pen  again,  if  there  were  no  regulation  made,  he  ap¬ 
pointed,  that  in  the  firft  Year  of  every  Century,  except 
every  four  hundredth  Year,  the  intercalated  Day  fhould 
be  left  out. 
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R  0  BA  U  LT’s  System  Part  II. 

31.  As  the  Englijh  and  Tome  other  Nations  have  not 
received  this  Alteration,  fo  they  differ  ten  Days  in  the 
Dates  of  their  Letters.  Thus  when  we  reckon  it  the 
twenty-fifth  of  '‘January ,  they  reckon  it  but  the  fif¬ 
teenth. 

32.  The  Time  which  the  Sun  takes  up  in  paffing 
through  the  Signs,  Arles ,  Taurus ,  and  Gemini ,  is  called 
the firjl  Seafon  of  the  Year,  or  the  Spring-,  and  as  the 
Sun  is  found  to  be  in  the  firft  Point  of  Aries,  about  the 
twenty-firft  Day  of  March  ;  the  Spring  begins  upon 
that  Day. 

33.  The  Time  in  which  the  Sun  paffes  through  the 
three  following  Signs,  viz.  Cancer,  Leo,  and  Virgo,  is 
called  the  Summer ;  and  begins  about  the  twenty-firft  of 
June. 

34.  The  Time  in  which  the  Sun  paffes  through  the 
Signs,  Libra,  Scorpio,  and  Sagittarius ,  is  called  the 
Autumn ,  which  begins  about  the  twenty-third  of  Sep¬ 
tember. 

35.  And  the  Time  which  the  Sun  paffes  through  the 
Signs,  Capricorn ,  Aquarius,  and  Pifces,  is  called  Win¬ 
ter,  and  begins  about  the  twenty-firft  of  December. 

36.  We  find  it  hotter  when  the  Sun  is  near  the  Sum¬ 
mer  than  when  it  is  near  the  Winter  Solftice;  which 
has  been  hitherto  attempted  to  be  explained,  by  faying, 
that  the  Rays  of  the  Sun  fall  lefs  oblique  upon  the  Sur¬ 
face  of  the  Earth  in  the  Summer  than  in  the  Winter. 
But  this  Opinion  appears  very  improbable,  if  we  confi- 
der  that  the  Superficies  of  the  Earth  is  not  fmooth  like 
a  Looking-Glafs,  but  very  rough  and  unequal,  fo  that 
the  Rays  fall  perpendicular  upon  as  many  Places  in 
Winter  as  in  Summer. 

37.  We  may  with  more  Probability  fay,  that  the  Su¬ 
perficies  of  the  Air  in  which  we  live,  when  it  is  at  the 
Height  of  about  two  or  three  Leagues,  where  there  is 
never  any  Winds  or  Clouds,  is  perfectly  lmooth  and 
even,  like  all  other  Liquors  which  are  not  in  Motion  ; 
and  as  it  is  the  Property  of  the  Rays  of  Light  when  they 
are  about  palling  out  of  one  Medium  into  another,  not  to 
enter  all  of  them,  ( 1)  but  to  be  refiedled  in  a  greater  Num¬ 
ber, 

(il  But  tobe  reftc&ed  in  a  greater  tion,  the  thinner  they  fail ,  even  from 
Number)  To  this  we  may  add,  that  the  very  Nature  of  Obliquity  both  up- 
the  more  oblique  ihe  Rays  fall,  be-  on  the  Atmofphere,  and  upon  the 
lido  their  being  hindered  by  Reflec-  Surface  of  the  Earth.  Thus  the  Ray? 
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ber,  as  they  fall  more  obliquely  ;  it  follows,  that  there 
muft  come  a  greater  Number  of  Rays  to  us,  when  the 
Sun  is  near  the  Summer,  than  when  it  is  near  the  Win¬ 
ter  Solftice,  And  from  this  greater  Number  of  Rays 
which  come  to  us  at  that  Time,  arifes  the  Heat  which 
We  feel  in  Summer, 

38.  Hence  we  may  conclude,  that  the  nearer  the  Sun  3S.  Tbs 
approaches  the  Zenith  of  any  Place,  the  hotter  it  is :  npiff 
Thus,  becaufe  it  approaches  nearer  the  Zenith  at  Ro?ne ,  theEqui. 
than  at  Paris ,  therefore  we  find  it  is  hotter  at  Rome  than  notiiai  Line, 
at  Paris. 

39.  We  may  conclude  alfo,  that  it  is  hotter  under  the  39.  rbat  it 
Equino<5fial  Line,  than  in  any  other  Part  of  the  Earth  ;  ts  hott£fi  °f 
as  well  becaufe  the  Sun  pafies  twice  in  a  Year  through  afc 

the  Zenith  of  thofe  who  live  there,  as  becaufe  it  is 
never  fo  far  diftant  from  their  Zenith,  as  from  that  of 
others. 

40.  However,  it  may  fo  happen,  that  Experience  may  4®-  p*rti- 
feem  to  contradict  this  Argument;  for  there  may  be,  fay 
in  fome  Places,  particular  Caufes  which  may  augment  make  fome 
or  diminifh  the  general  Caufe.  The  particular  Caufes  ft*rattont* 
are  thefe  three ;  the  Winds,  the  Quality  of  the  Earth,  caufe?"™ 
and  the  Situation  of  it,  For,  Firfl,  It  is  certain,  that 

the  Winds  which  blow  from  the  Sea  to  the  Land,  muft 
very  much  abate  the  Heat.  Secondly,  The  more  fandy 
the  Earth  is,  the  fewer  of  the  Sun’s  Rays  does  it  abforb; 
and  confequently,  befides  the  Heat  which  they  caufe  by 
falling  diredly,  they  muft  alfo  increafe  the  Heat  of  the 
Air  by  being  reflected.  Lajlly ,  The  lower  any  Place  is 
(provided  the  Sun  comes  as  much  to  it)  the  groffer  and 
thicker  is  the  Air,  which  therefore  caufes  us  to  feel  the 
Heat  more. 

41.  When  the  Sun’s  Motion  is  once  eftablifhed  ac- 4 Howto 
cording  to  the  Rules  of  Geometry,  it  is  very  eafy  to 

make  Tables  which  fhall  {hew  in  what  Point  of  the  nation  every 
Ecliptick  the  Sun  is  every  Day  :  There  are  alfo  Tables  Day* 
which  contain  the  Declination  of  every  Point  of  the 
Ecliptick,  fo  that  we  can  know  exactly  the  Declination 
of  the  Sun  every  Day  at  Noon. 


BC  when  they  fall  perpendicular¬ 
ly,  are  all  of  them 
Tab.  XVU.  received  by  the  Su- 
Fig.  4.  perficies  S  G  j  but 

when  the  lame  Rays 


MO  fall  oblique,  they  take  up  a 
larger  Superficies  DH,  and  therefore 
caufe  Jefs  Heat,  becaufe  they  ate 
thinner* 
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4x.  How  to  42.  Hence  we  may  eafily  find  the  Latitude  of  the  Place 
'vTJ-Z/wy  where  we  are  any  Day  of  the  Year,  provided  the  Air  be 
Place  where  clear.  For  we  need  only  take  the  Meridian  Altitude  of 
we  are,  ^he  Sun  with  an  Inilrument,  that  is,  its  greateft  Altitude 
that  Day  ;  then  if  the  Sun  be  in  that  Part  of  the  World 
whofe  Pole  is  inviiible,  add  its  Declination  to  the  Me¬ 
ridian  Altitude,  or  if  it  be  in  that  Part  of  the  World 
whofe  Pole  is  vifible,  fubdu£l  this  Declination  from  the 
Meridian  Altitude,  and  the  Sum  or  Difference  will  be 
the  Altitude  of  the  Equator,  the  Complement  of  which 
to  90  Degrees  is  the  Elevation  of  the  Pole,  which  is 
equal  to  the  Latitude  fought. 

4-v  of  the  43.  (1)  Hence  we  may  alfo  find  what  the  Latitude  of 
CbJwtofind  anf  ^ace  mu^  be>  that  the  longefl:  Day  of  Summer  may 
the  Number  be  of  a  given  Length  :  Whence  we  may  determine  the 
cf  them,  Bignefs  of  every  Climate  :  For  by  the  Word  Climate^  we 
mean,  a  clra£t  of  the  Earth  comprehended  betwixt  two 
Circles  parallel  to  the  Equator ,  at  fuch  a  Diftance  from 
each  other ,  that  there  is  half  an  Hour's  Difference  between 
the  longejl  Day  of  Summer  in  the  one ,  and  the  longefl  Day 
of  Summer  in  the  other, 

4.4..  T hat  44.  The  further  we  go  from  the  Equino&ial,  (2)  the 

then  are  m0re  the  longefl:  Day  increafes,  till  we  come  to  the  Po- 
cnmatftTe.  lar  Circle,  where  the  longefl  Day  is  twenty-four  Hours; 

tween  the 
Equator  and 
ta  .h  Folar 
Circle, 


(i)  Hence  we  may  alfo  f  net,  See.) 
The  greateft  Declination  of  the  Sun 
being  given.  For  when  the  Sun  ri- 
fes  in  the  Tropick,  we  may  imagine 
a  right-angled  jpbserical  Triangle 
compofed  of  t  he  Complement  of  the 
foremen tio.ned  Declination  as  the 
Baft*,  and  the  fought  Altitude  of 
the  Pole,  ard  the  Arch  of  the  Hori¬ 
zon  contained  between  the  Sun  and 
the  Point  where  the  Meridian  cuts 
the  Horizon  in  the  Northern  Parts 
a?  the  Sides.  Now  in  this  Triangle 
the  Bafe  is  given,  and  the  acute  An¬ 
gle  at  the  Pole  is  alfo  given,  uy 
means  of  the  adjoining  obtufe  An¬ 
gle,  v:x,  half  the  given  Length  of 
rhe  Day,  converted  into  Degrees,  in 
the  Equino£Ual  Line;  from  whence 
may  be  found  the  Altitude  of  the 
Pole  fought.  So  likewife  the  Length 
of  the  iongeft  Day  may  be  found, 
if  the  Altitude  of  the  Pole  be  given* 
But  if  we  would  know  the  Length 
of  the  continual  Days  in  thofe  Pla  * 
ces  which  are  within  the  Polar Cir 
•Jes,  n/iz,  in  the  Monthly  Climates , 
Art.  45,  oj  this  Chap  )  we  muff: 


that 

take  the  Altitude  of  the  Pole  out  of 
ninety  Degrees,  and  the  Remainder 
will  be  the  Declination  of  the  Be¬ 
ginning  of  that  Arch  in  the  Echp- 
tick  which  is  always  elevated  above 
the  Horizon ;  twice  the  Diftance  of 
which,  beg'nning  from  the  Begin¬ 
ning  of  Cancer,  will  make  the  whole 
Arch  that  is  always  vifible :  How 
long  the  Sun  is  moving  through  this 
Arch,  muftbe  had  by  computing  his 
true  Motion  from  the  AJlronomical 
Tables.  By  the  fame  Method  on  the 
contrary,  from  the  given  Length  of 
the  continual  Day.  may  be  found  the 
Altitude  of  the  Pole  in  any  of  the'e 
Monthly  Climates. 

(2)  The  more  the  longejl  Day  in.. 
creafesj&c  )  Not  only  the  longer,  but 
the  more  unequally  longer  alfo,  as  is 
evident  from  the  following  Article. 
In  order  therefore  to  explain  this 
great  Inequality  of  the  Climates,  let 
us  fuppofe  a  great  many  oblique  Hori¬ 
zons  10  be  made  by  receding  with 
an  equable  Motion  from  that  which 
is  called  the  right  Horizon  ;  it  is  e. 
vident,  that  ail  thefe  Horizons  by 

their 
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that  is,  twelve  Hours,  or  twenty-four  half  Hours  longer 
than  under  the  Equator :  Whence  it  follows,  that  there 
mull:  be  twenty-four  Climates,  betwixt  the  Equinoctial 
and  the  Polar  Circle ;  and  becaufe  the  longed:  Day  at 
Paris  is  fixteen  Flours,  that  is,  eight  half  Hours  longer 
than  under  the  Equinoctial  Line  ;  therefore  Paris  is  fi- 
tuate  in  the  End  of  the  eighth,  or  the  beginning  of  the 
ninth  Climate. 

45.  When  we  go  beyond  the  Polar  Circle  towards 

the  Pole,  we  fhali  find  a  very  great  Increafeof  the  longed:  Climate* 
Day  of  Summer ;  wherefore  in  thofe  Places,  we  mean  hevoad 
by  the  Word  Climate,  a  TraCt  of  I^and,  comprehended 
between  two  Circles  parallel  to  the  Equator,  at  fuch  a 
Diffance  from  each  other,  that  there  is  a  Month’s  Dif¬ 
ference  between  the  longed:  Day  of  Summer  in  the  one, 
and  the  longed:  Day  of  Summer  in  the  other.  Now  be¬ 
caufe  at  the  Pole  it  felf,  it  is  continual  Day  for  fix 
Months,  therefore  there  are  fix  Climates  betwixt  the  Po¬ 
lar  Circle  and  the  Pole. 

46,  As  many  Climates  as  there  are  betwixt  the  Equi-  Wy rh 
noCfial  Line  and  one  of  the  Poles,  fo  many  ought  we 

to  imagine  betwixt  the  fame  Line  and  the  other  Pole  ;  many  cl:  - 
whence  it  follows,  that  there  are  fixty  Climates  in  all.  mates 
This  does  not  indeed  agree  with  the  Writings  of  the  An- 
tients,  who  did  not  reckon  near  fo  many,  but  the  Dif¬ 
ference  arifes  from  hence  ;  that  they  confined  the  Word 
Climate  to  the  habitable  Parts  of  the  Earth  ;  and  be¬ 
caufe  the  Zones  towards  the  AntarClick  Pole  were  un¬ 
known  to  them  and  edeemed  inhabitable,  as  well  as  the 
torrid  Zone,  and  the  Northern  frigid  Zone,  therefore, 
they  reckoned  but  a  very  few  Climates. 


their  Interfe£lions  with  the  Semi¬ 
circle  of  the  Tropick  that  is  elevating, 
will  form  Chords  diftant  from  each 
other  by  fuch  unequal  Arches,  that 
thofe  of  them  which  are  formed  by 
the  moft  oblique  Horizons,  are  a 
great  deal  further  diftant  from  each 
other,  than  thofe  of  them  which  are 
formed  by  the  leaf! oblique  Horizons  j 
much  after  the  fame  manner,  as  the 
Arches  contained  between  the  Ex¬ 
tremes  of  two  Chords  at  feme  Dis¬ 
tance  from  the  Diameter  of  any  Cir¬ 
cle,  are  greater  than  thofe  between 
two  Chords  at  the  fame  Diitance  from 
each  other,  which  are  nearer  the 
Diameter.  By  the  fame  Similitude, 
may  that  other  Inequality  of  the 
Monthly  Climate s  be  explained,  if 

B 


we  imagine  diurnal  Circles  to  form 
Chords  in  the  fame  manner,  by  their 
Interfedions  with  the  Ecliptick.  For 
it  will  appear,  that  two  fuch  Chords 
that  are  near  the  Trcpuk}  contain 
bigger  Arches  of  the  Ecliptick  be¬ 
tween  their  Extremes,  than  two  at 
the  fame  Diftance  from  each  other 
wlvch  are  nearer  the  Equator  j  and 
the  diurnal  Circles  which  are  near 
the  Tropick ,  may  be  conceived  to  be 
much  thicker  and  clofer  than  thofe 
near  the  Equator,  and  therefore  there 
is  no  need  of  receding  fo  much  from 
a  right  Sphere ,  in  order  to  make 
thirty  of  the  th'ckeftof  them  rife 
entirely  above  the  Hcrixon ,  as  to 
make  to  many  of  thole  which  are 
not  fo  thick,  rife. 
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4-7  'Tbit  the 
Sun  i  Apo- 

gasum  is  al- 
t  'rca,  and 
hi\  Excen- 
tri,ity  di- 

wuHijhed. 


4.S.  That 
thefe  Alte¬ 
rations  are 
su fry  irre¬ 
gular. 


47.  That  we  may  not  omit  any  Thing  relating  to  the 
Sun,  we  mull:  take  notice,  that  his  Apogezum  has  alte¬ 
red  its  Place  in  the  Heavens  ;  for  at  the  Time  of  our 
Saviour,  it  was  in  the  Eighteenth  Degree  of  Gemini ,  and 
now  it  is  in  about  the  Eighth  Degree  of  Cancer ,  It  is 
obferved  alfo,  that  the  Diftance  between  the  Center  of 
the  Earth,  and  the  Center  of  the  Sun’s  excentrick  Orbit, 
which  is  called  his  Excentricity ,  is  not  fo  great  as  it  was 
formerly ;  fo  that  the  Sun  is  not  fo  far  diftant  from  us 
in  Summer  as  it  was,  but  a  little  further  diftant  in 

1 

Winter. 

48.  The  Progrefs  of  the  Apogaum ,  and  the  Diminu¬ 
tion  cf  the  Excentricity ,  are  not  according  to  any  Rules  ; 
and  of  all  the  Hypotbcfes  hitherto  made,  there  have  been 
none  that  would  entirely  agree  with  the  Obfervations 
made  by  Aftronomers  at  different  Times. 


7..  Whence 
u  is  that 
Adronomtrs 
bnaje  not  all 
agreed  about 
ibe  Motion 
ef  the  fixed 
Stars. 

it.  H'ppar- 
chus  the  tight 
that  the  fixed 
Stars  moored 
only  from 
Eajt  toWcJl. 


CHAP.  VIII. 

Obfervations  and  Conjectures  about  the  fixed  Stars , 

BECAUSE  it  will  take  up  a  great  many  Ages  to 
obferve  the  Phenomena  of  the  fixed  Stars  ;  and  be- 
caufe  late  obfervers  have  taken  notice  of  many  Parti¬ 
culars,  which  efcaped  thofe  who  went  before  ;  therefore 
there  have  been  very  different  Conjectures  made  from 
time  to  time  about  their  Motions. 

2.  Hipparchus  lived  the  greateft  Part  of  his  Life,  with¬ 
out  obferving  any  Thing  more  of  the  fixed  Stars,  but 
that  they  moved  from  Eaft  to  Weft  in  Circles  which  ap¬ 
peared  exaCHy  parallel  to  the  Equator  :  which  made  him 
conclude^  that  they  were  all  placed  in  the  fame  folid 
Heaven  (  which  is  called  the  Firmament )  which  he  fup- 
poied  to  be  (1)  beyond  all  the  Planets  ;  and  becaufe  he 
did  not  fee  any  Neceflity  that  this  Heaven  fhould  derive 
its  Motion,  which  is  a  funple  one,  from  any  other 
Heaven  above  it ;  he  therefore  affirmed  this  to  be  the 
laft  of  the  Heavens,  and  that  it  turned  all  the  others 
round  along  with  it,  and  therefore  is  the  Primum  Mobile . 


fi)  Beyond  all  the  Planets,  See.) 
Concerning  Diftaace  of  the  fixed 


St srs.  See  the  Notes  on  Chap.  xxv. 
Art,  3.  ef  this  Part, 


.  3’  ^ 
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3.  It  being  then  the  Opinion  of  Hipparchus ,  that  the 

fixed  Stars  never  altered  their  Places  in  the  Heavens,  he  ■ 

thought  they  would  be  of  ufe  to  determine  the  Courfes  tudc and 

of  the  Planets  ;  in  the  fame  manner  as  Rocks  in  the  Sea 

are  made  ufe  of  to  obferve  the  Courfe  of  Ships  which  stars* 

leave  no  T ra<ft  behind  them  :  He  therefore  imployed  all 

his  Pains,  to  meafure  the  Diftance  of  every  fixed  Star 

from  the  Ecliptick,  which  is  called  the  Stars  Latitude ; 

^nd  to  find  out  how  many  Degrees  and  Minutes  of 
the  Ecliptick,  reckoning  from  Weft  to  Eaft,  there  were 
between  the  firft  Point  of  the  Sign  Aries ,  to  the  Point 
directly  againft  every  fixed  Star ;  which  is  called  its  Lon¬ 
gitude  :  But  he  being  prevented  by  Death,  it  was  left  to 
Pofterity  to  finifh  what  he  defigned. 

4.  Ptolemy ,  who  lived  about  two  hundred  Years  after  4-  We  ap- 
Hipparchus ,  propofed  to  eftablifh  the  Motion  of  the 
Planets  ;  and  having  the  Curiofity  to  obferve  whether  his  fixed.  Stars 
Predeceflor  had  been  exadt  in  determining  the  Longitude/''0’”  w^  t0 
and  Latitude  of  the  fixed  Stars  ;  he  obferved,  that 

their  Latitude  was  exadtly  the  fame  as  Hipparchus  found  lemy. 
it,  but  that  their  Longitude  was  increased  two  De- 
grees. 

5.  From  hence  he  concluded,  that  befides  the  Moti- 

on  of  the  fixed  Stars  from  Eaft  to  Weft  in  twenty-four  0j  this  Mo* 
Hours,  they  had  another  Motion  from  Weft  to  Eaft  in  nos. 
Circles  parallel  to  the  Ecliptick,  in  which  having  advan¬ 
ced  two  Degrees  in  two  hundred  Years,  their  periodical 
Revolution  would  be  compleated  in  thirty-fix  thoufand 
Years. 

6.  And  becaufe  the  Firmament  can  have  but  one  Mo-  ,How  a 
tion  only  belonging  to  it,  he  afcribed  this  Motion  of  Mobile 
Thirty-fix  thoufand  Years  to  this  ;  and  made  the  diurnal  w  be  efia- 
Motion  from  Eaft  to  Weft,  to  depend  upon  another 
Heaven  which  is  beyond  it :  And  thus  the  Primum  Mo-  tbe  Firm** 
bile ,  as  a  Heaven  in  which  there  were  no  fixed  Stars,  went, 
and  which  included  the  Firmament  in  it,  began  to  be 
received. 

7.  The  AJlronomers  who  have  been  fince  Hipparchus ,  7-  Wat  (he 
have  acknowledged  the  Motion  of  the  fixed  Stars  from  \bPfilld^ 
Weft  to  Eaft,  which  is  increafed  fo  much,  that  the  Lon-  Stars  from 
gitude  of  every  fixed  Star  is  become  about  28  Degrees  t0  bVfi 
more  than  it  was  in  our  Saviour’s  Time  ;  but  becaufe  lilrre^iar% 
this  Progrefs  hath  been  unequal  in  different  Centuries, 

there  have  been  different  periodical  Times  aftigned.  Some 
have  affirmed,  that  it  takes  up  forty-nine  thoufand  Y ears 

to 
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to  compleat  an  entire  Revolution  of  them,  others  but 
twenty-five  thoufand,  and  others  ftill  different:  but  later 
AJironomers ,  who  had  the  Advantage  of  the  Obfervations 
of  others,  have  declared  the  Motions  of  the  fixed  Stars 
to  be  irregular,  and  that  it  is  impoflible  precifely  to  de¬ 
termine  the  Time  of  their  Revolution. 

8.  How  the  8.  Becaufe  this  Opinion  did  not  agree  with  the  Fol- 

*Hea-vencame  l°wers  °f  Arijiotle ,  who  affirm,  that  the  Heavens  can- 
to  bt  eft  a.  not  be  fubjedt  to  any  Alteration  ;  therefore  it  feemed 
blijhed,  more  probable  tofome,  thatjihe  Firmament  it  felf  mo¬ 
ved  exadtly  regularly,  and  that  every  Irregularity  was  to 
be  afcribed  to  fome  external  Caufe  :  Wherefore  they 
imagined  a  certain  Heaven  to  be  betwixt  the  Firma¬ 
ment  and  the  Primum  Mobile ,  which  by  its  own  proper 
Motion,  librated  fometimes  from  Eaft  to  Weft,  and 
fometimes  from  Weft  to  Eaft,  and  by  that  means  ac¬ 
celerated  and  retarded  the  apparent  Motion  of  the  fixed 
Stars  by  Turns.  This  was  called  the  Chryjlalline 
Heaven. 

9.  Of  the  9.  It  is  to  be  obferved  further,  that  the  Ecliptick, 
Alteraitonof  whlch  is  now  twenty- three  Degrees  and  a  half  diftant 

the  Declina-  r  .  ^  J  i-n  r  •  , 

tionof  the  from  the  Equator,  was  diltant  from  it  twenty-three 
Ecliptic Degrees  and  fifty-two  Minutes  in  Ptolemy’ s  Time  : 
bl^lbin  e^a~  or^er  to  account  for  this  Alteration,  they  imagined 
fe'cond S  another  Chryftalline  Heaven  ftill,  which  they  made 
Cbryftaliinc  to  librate  from  North  to  South,  and  from  South  to 
Heawn-  North. 

jo.  That  jo.  Whatever  the  Progrefs  of  the  Firmament  be, 
"rfedon^to  wither  regular  or  irregular,  fince  there  is  no  fenfible 
emfider  the  Difference  during  a  Man’s  Life,  it  is  fufficient  for  any 
diurnal  Mo-  Aftronomer  to  obferve  once  in  his  Life,  the  Longitude 
ft^ed  Stars,  an<^  Latitude  of  the  fixed  Stars,  in  order  thereby  to  de¬ 
termine  the  Motion  of  the  Planets. 


CHAP. 
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CHAP.  IX. 

Obfervations  about  the  MO  0  N. 


T  F  we  make  the  like  Obfervations  about  the  Moon  that  r.  The  Jirft 
-*■  we  have  done  about  the  Sun,  we  fhall  find  that  their 
Phaenomena  are  pretty  much  the  fame.  For  firft  w^e  j^00„t  e 
obferve,  that  it  moves  round  the  Earth  every  Day  from 
Eaft  to  Weft  in  a  Circle  which  feems  parallel  to  the 
Equator. 

2.  But  by  daily  Obfervation  we  find,  that  it  is  not  r‘ffefecon<i 
an  exadl  Circle  which  it  defcribes,  becaufe  it  alters  its  Jervation* 
Places  of  Rifing  and  Setting  every  Day  ;  and  that  fo 
fenfibly,  that  this  Alteration  is  as  much  in  one  fingle 

Day,  as  that  of  the  Sun  is  in  thirteen  or  fourteen 
Days. 

3.  There  are  Limits  in  the  Horizon  and  Meridian,  ^‘fbe  third 
beyond  which  the  Moon  never  pafles,  and  they  are  very  trva  ,cn ' 
near  the  fame  with  thofe  of  the  Sun. 

4.  The  Moon  moves  flower  from  Eaft  to  Weft  4 •Tbefourti 
than  the  fixed  Stars,  as  may  eafily  be  obferved  in  one  obIercuatlon* 
Night. 

5.  The  following  Conjedfure  it  built  upon  thefe  Ob-  5 .Tbattbefe 
fervations,  viz.  that  whilft  the  Moon  is  carried  from  Eaft 

to  Weft  by  the  Primum  Mobile ,  it  has  alfo  a  proper  ent  to  deteri 
Motion  of  its  own  from  Weft  to  Eaft  in  a  Circle  which  min e  tU 
cuts  the  Equator,  and  declines  very  near  as  much  from 
it  towards  the  Poles,  as  the  Ecliptick  does  ;  but  whe¬ 
ther  this  Circle  of  the  Moon  be  the  fame  as  the  Eclip¬ 
tick,  or  different  from  it,  cannot  be  determined  by  the 
Eye. 


6.  We  muft  therefore  have  recourfe  to  the  Method  6.  How  to 
propofed  by  Hipparchus ,  viz.  to  meafure  every  Day  thefipdo“ttbe 
Diftance  betwixt  the  Moon  and  two  fixed  Stars,  ( 1)  whofe 
Longitude  and  Latitude  are  known,  in  order  to  find  the 
Longitude  and  Latitude  of  the  Moon  every  Day  :  Here¬ 
by  we  fhall  fee  that  the  Moon  advances  every  Day  a- 
bout  thirteen  Degrees  and  a  half  from  Weft  to  Eaft,  in 
a  Circle  which  cuts  the  Ecliptick,  and  deviates  from  it 
about  five  Degrees  on  each  Side,  fo  that  it  goes  through 


(1)  Whoje  Longitude  and  Latitude  are  known,  Sc:.)  See  Mercator' t  Ajiror., 
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7. Of  the  Pe^ 
nodical  and 
Synodical 
Months, 


8.  What  the 
Conjunction 
tf  the  Sun 
end  Moon , 
cr  what  the 
Jtftiv  Moon 
is. 


the  whole  Circle  in  twenty-feven  Days  and  a  half, 
thereabouts. 

7.  This  Time  is  what  we  call  the  Moon’s  Periodical 
Months  and  ought  not  to  be  confounded  with  another 
fort  of  Month  which  is  called  Synodical ,  and  which  con- 
fifts  of  twenty-nine  Days  and  a  half,  which  the  Moon 
takes  up  from  the  Time  that  it  is  in  the  fame  Degree 
of  the  Zodiack  with  the  Sun,  to  the  Time  that  it  meets 
with  it  again  in  another  Degree  thereof. 

8.  When  the  Sun  and  Moon  meet  together  in  the  fame 
Degree  of  the  Zodiack,  it  is  called  a  Conjunction  of  the 
Sun  and  Moon ,  or,  the  New  Moon . 

9.  When  the  Sun  and  Moon  are  ninety  Degrees  diftant 
from  each  other,  it  is  called  the  Quadratures  or  Quarter 

9.  What  the  of  the  Moon ,  which  happens  twice  every  Month. 
^Quarter  I0*  When  the  Sun  and  Moon  are  a  hundred  and  eighty 
of  'the  Moon  Degrees  diftant  from  each  other,  it  is  called  the  Oppoft * 
tion,  or  Full  Moon . 

^Oppfitionlr  11  •  At  the  Time  of  the  Conjunction  the  Moon  can- 
Full  Moon,  not  be  feen  at  all ;  but  one  or  two  Days  after,  it  appears 
SI*  °f  {je  horned ,  and  the  Horns  are  always  turned  towards  that  Part 
fearance  °f  t^ie  Heavens  which  is  oppofite  to  the  Sun, 
near  the  i2.  Thefe  Horns  increafe  as  the  Moon  gets  further 
32 ^HovTit  fr°m  t^ie  Sun,  and  it  appears  full  and  intirely  rounds 
appears  at  when  it  is  in  its  Oppofition. 

the  oppoji-  13.  The  Diameter  of  the  Moon  dots  not  appear  to  be 
tlon'n-n  .r  ( 1)  always  the  fame  :  for  we  obferve  it  to  be  leaft  at  the 
Moon's  Dia-  Times  of  the  Quadratures,  and  to  be  biggeit  at  the 
meter  does  Time  of  its  Oppofition,  and  about  the  Time  of  its 

^I'waysTbt  Conjunction. 

fame.  1 4.  The  Motion  of  the  Moon  from  Weft  to  Eaft,  is 

34.  That  its  fenfibly  quicker  at  the  Time  of  its  Oppofition  and  Con- 
%^otwTfnm  iun®-'lon->  than  at  the  Time  of  its  Quadratures, 

Weft  to  Eaft  15.  The  Circle  in  which  the  Moon  feems  to  move 
”  unj!“f‘th  from  Weft  to  Eaft  is  not  always  the  fame  ;  it  deferibes 
Coif  If  the  a  new  one  every  Month,  and  croftes  the  Ecliptick  in 
Moon  is  not  different  Points  fucceftively  from  Eaft  to  Weft. 
always  the  That  Interfection  of  the  Ecliptick  and  the  Moon’s 

16.  Of  the  Circle,  where  the  Moon  paffes  from  the  Southern  Part  of 
Dragon  s  the  World  to  the  Northern  Part  (with  refpeCt  to  the 
^Dra’on' }f  Ecliptick)  is  called  the  Dragon’s- Head,  or  the  afeending 
rJi°n  S  Node ,  and  the  other  InterfeCtion  is  called  the  Dragon’s 

Fail,  or  the  defending  Node. 


(r)  Always  the  fame,  &c.)  See  the  Nctes  sn  Chap.  xxii.  Art.  5.  of  this 

Fart, 

17.  If 
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17.  If  we  obferve  the  Dragon’s  Head  in  any  Point  in  *7 -That  the 

the  Ecliptick,  it  will  be  about  nineteen  Years  before  it  °[ffffn% 
be  in  that  Point  again.  changes  its 

18.  To  thefe  Phenomena  we  may  add,  that  we  fre-  ^c^hatth& 

quently  obferve  the  Moon  to  pafs  betwixt  us  and  fome  of  stars  are 
the  Stars,  but  never  any  Star  to  pafs  between  the  Moon  ften  hid  by 
and  us.  tbR:Inter>°; 

Jit  ion  of  the 

19.  Thefe  are  all  the  Phanomena  which  Aftronomers  Moon. 
have  laboured  to  find  out  the  Reafons  of :  but  natural  J9;  °f tlf 
Philofophers  have  long  fince  obferved  further,  that 

little  after  the  Moon’s  Conjunction,  not  only  the  Horns  Moon  fome- 
of  it  are  to  be  feen,  but  all  the  reft  of  its  Surface  which ttmes  re~. 
is  towards  us  appears  of  an  Afti- Colour.  * e  u 


CHAP.  X. 

Conjectures  whereby  to  explain  the  Phenomena  of  the 

MOON. 


T  N  order  to  folve  thefe  Phenomena,  Ptolemy  fuppofed 

the  Moon’s  Heaven  to  be  neareft  the  Earth. 

2.  Secondly ,  That  this  Heaven,  whilft  it  is  carried 
every  Day  from  Eaft  to  Weft  by  the  Primum  Mobile ,  is, 
by  its  own  proper  Motion,  advanced  thirteen  Degrees  and 
a  half  about  the  Poles  of  the  Zodiack. 

3.  Thirdly ,  That  the  Moon  is  not  placed  exaCUy  in 
its  own  Heaven,  but  in  the  Circumference  of  a  large 
round  Body  (called  an  Epicycle )  included  in  its  Heaven 
like  a  Diamond  in  a  Ring. 

4.  Fourthly ,  That  the  lower  Part  of  this  Epicycle  in 
which  the  Moon  is  fix’d,  turns  from  Weft  to  Eaft, 
and  the  upper  Part  from  Eaft:  to  Weft,  in  fuch  a  manner, 
that  the  fmall  Circle  which  the  Moon  by  this  means 
defcribes,  is  always  in  the  Plane  of  the  great  Circle,  in 
which  it  is  carried  about  the  Earth  in  twenty Teven  Days 
and  a  half. 

5.  Fifthly ,  This  Epicycle  turns  about  its  own  Center 
in  fuch  a  manner,  that  when  the  Moon  is  in  Conjunction 
with,  orOppofition  to  the  Sun,  ( 1)  it  is  in  the  lower  Part 

(i)  It  is  in  tbt  Liver  Part  of  its  Epicycle,  See.)  See  the  Notes  on  Ck^ap. 
XX it.  Art,  5,  of  this  Part , 

of 


I.  The  firjk 
Hypotbefs 
oj  Ptolemy» 
Z.  Thefecond 
Hypotbefs . 


3.  Of  the 
Moon's  Epi¬ 
cycle, 


4.  Of  the 
Motion  of 
thisEpicycle» 


5.  Howlcng 
time  a  Revo¬ 
lution  of  this 
Epicycle 
takes  up * 
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6.  That  the 
Moon  re¬ 
ceive*  its 
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of  the  Epicycle  or  in  its  Perigaum ;  and  when  the  Moon 
is  in  its  Quadratures  it  is  in  the  upper  Part  of  the  Epicycle 
or  in  its  Apogaum  ;  that  is,  the  Degrees  which  the  Moon 
moves  in  its  Epicycle  are  double  the  Number  of  thofe  the 
Epicycle  moves  in  departing  from  the  Sun. 

6.  Lajlly ,  Ptolemy  was  of  the  fame  Opinion  with 

_  Thales  the  Milefian ,  that  the  Moon  is  a  dark  fpherical 

Light  from  Body,  and  receives  all  that  Light  by  which  we  fee  it 
the  Sun.  from  the  Sun. 

7-  upcntbefe  j.  Thefe  Hypothefes  being  allowed,  the  foregoing  Ph&- 

® 'utbffore *•’  nomena  t^ie  Moon,  which  are  very  near  the  fame  as 

going  Pba-  thofe  of  the  Sun,  may  eafily  be  folved. 
nomena  may  8.  Further,  it  is  manifeft,  that  they  explain  why  the 
Z.^my'the  Moon  appears  to  defcribe  a  Circle  from  Weft  to  Eaft  in 
Moon  ap-  the  Zodiack  ;  becaufe  it  is  fuppofed  really  to  defcribe  fuch 
pears  to  a  Circle. 

W^ft{o°Eaft.  9-  Moreover,  becaufe  at  the  Times  of  Conjun&ion  and 
9.  Why  this  Opposition,  the  Moon  is  fuppofed  to  be  in  the  lower 
Motion  ts  part  of  its  Epicycle ,  and  that  when  it  is  in  that  Part,  it 
Vbl Times  of  is  carried  from  Weft  to  Eaft ;  this  Motion  confpiring 
the Conjunc-  with  the  Motion  of  its  Heaven,  which  carries  the  whole 
^pojitioL  °t>"  EPlcycle  the  fame  Way  ;  it  neceffarily  follows,  that  the 
cn'  Moon  muft  then  appear  to  move  with  great  Swiftnefs 
towards  the  Eaft,  and  becaufe  it  is  then  nearer  the  Earth 
alfo,  ( 1 )  it  muft  appear  very  large. 

30  .Why  it  10.  On  the  contrary;  becaufe  at  the  Times  of  the 

*tbeTim  xof  Qiia(^ra^ures9  the  Moon  is  fuppofed  to  be  in  the  upper 
*tbe  sguadra.  Part  lts  Epicycle ,  and  that  when  it  is  in  that  Part,  it 

_ _  to  on  »‘vrnrl  i. ^  '  /1  i.1 _ O  _  _  *  1*1  *  .  * 


tures 


is  carried  from  Eaft  to  Weft ;  the  Space  in  which  it  is 
thus  moved  by  its  Epicycle ,  muft  be  deducted  from  that 
Space  in  which  it  is  carried  by  its  Heaven  from  Weft  to 
Eaft,  fo  that  it  advances  but  the  Difference  only  of  them  ; 
and  therefore  its  apparent  Progrefs  from  Weft  to  Eaft, 
ought  to  feem  lefs  than  at  any  other  Time  of  its  Revo¬ 
lution  ;  and  becaufe  its  Diftance  from  the  Earth  is  then 
increafed,  by  the  Length  of  the  Diameter  of  its  Epicycle , 
it  muft  appear  lefs. 

11  .Why the  ri‘  Becaufe  the  Moon  has  no  Light  at  all  of  its  own, 
Moon  cannot  but  borrows  that  by  which  we  fee  it,  from  the  Sun  ; 
be.feent at  it  is  evident,  that  it  ought  not  to  be  feen  at  all  at  the 
Time  of  its  lme  °*  its  Conjunction,  becaufe  then  the  upper  Part, 
Conjunction .  which  is  enlightned,  is  turned  from  us,  and  the  lower 
Part,  which  is  not  enlightned,  is  turned  toward  us. 


(1)  It  muft  appear  very  large')  See  the  Notes  on  Chap .  xxii.  Art.  5.  of 
this  Parc.- 

12.  As 


Chap.  ii.  c/Natural  Philosophy.  31 

12.  As  the  Moon  gets  further  from  the  Sun,  either  I2,  °f tbe 
towards  the  Eaft  or  towards  the  Weft,  it  ought  to  appear 
horned, ,  becaufe  a  Part  only  of  the  inlightned  Half  is 
turned  towards  the  Earth  ;  and  its  Horns  ought  to  appear 
turned  toward  that  Part  of  the  Heavens  which  is  op- 

pofite  to  the  Sun,  becaufe  the  Light  is  bounded  on  that 
Side. 

13.  At  the  Time  of  the  Oppofition,  the  whole  lower  1  I  - Why  it 

Part  of  the  Moon  is  turned  toward  the  Sun,  and  towards  ^dyroiUd. 
us,  and  therefore  it  muft  appear  full .  at  tbe  OppQ. 

14.  Becaufe  the  Moon’s  Heaven  is  fuppofed  to  be  the#75”* 
neareft  to  the  Earth,  it  follows,  that  the  Moon  may  fome-jjt’ 
times  pafs  betwixt  us  and  fome  of  the  Stars ;  but  no  Starve  bidfomc ~ 

can  pafs  betwixt  that  and  us  ;  which  is  agreeable  to  Ex-  timel  b tbe 

nerience  Interpofition 

penence.  t  #  of  the  Moon. 

15.  As  to  that  faint  Light  which  we  perceive  in  the  15.  Whence 
Moon’s  Body  when  it  is  near  the  Conjunction  ;  G  alii  esus  £? 6 
is  the  firft,  that  I  know  of,  that  thought  it  to  be  cau-  dppLTt  1 
fed  by  the  Rays  of  the  Sun,  reflected  thither  by  the  tbe  P*rt  of 
Earth,  which  is  proved  by  the  following  Arguments.  the 
Firft,  The  Earth  is  an  opakeBody,  and  therefore  it  muft  the  dnT 
neceflarily  refleCt  fome  «Part  of  the  Light  which  falls  up¬ 
on.  it.  Secondly,  becaufe  this  faint  Light  cannot  be  feen 

but  when  the  Moon  is  very  nearly  right  againft  the  Mid¬ 
dle  of  that  half  of  the  Earth  which  is  enlightned  by  the 
Sun.  Laftly,  Becaufe  this  Light  of  the  Moon  is  fenfibly 
greater,  when,  Rifing  in  the  Eaft,  the  Rays  which  re¬ 
flect  a  great  deal  of  Light  from  the  Continent  of  Afia  fall 
thicker  upon  it,  than  when  Setting  in  the  Weft,  the  Rays 
only  which  are  refleded  from  the  Ocean,  which  abforbs 
moft  of  them,  fall  upon  it. 


CHAP.  XL 
Of  E  C  L  I  P  S  E  S. 

W  ^  E  N  the  Moon  pafles  between  the  Sun  and  T‘  an 
the  Earth,  and  hinders  us  from  feeing  it;  this  is  Smh!** 
called  an  Echpfe  ol  the  Sun,  which  is  fo  much  the 
greater,  the  more  the  Sun’s  Body  is  covered  ;  and  it  may 
be  total,  it  it  be  entirely  darkened  by  the  Moon’s  Inter¬ 
pofition. 


2.  It 
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3.  That  dif¬ 
ferent  Parts 
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Time, 


t^.That  there 
can  be  an  E- 
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5.  7 hat  the 

Darknefs 
caufed  by  a 
total  Echpf 
of  the  Sun, 
continues  but 
a  port  time. 


6.  "What  an 
Eclipfe  of  the 
Moon  is. 


T.  It  is  but  very  feldom,  that  there  happens  a  total 
Eclipfe  of  the  Sun,  becaufe  the  apparent  Diameter  of 
the  Moon  is  very  feldom  bigger  than  the  apparent 
Diameter  of  the  Sun,  but  is  commonly  fomewhat 
lefs. 

3.  Becaufe  the  Earth  is  of  a  confiderableBignefs,  com¬ 
pared  with  the  fmall  Diftance  that  the  Moon  is  from  it, 
it  may  happen,  that  the  Moon  may  pafs  betwixt  the  Sun 
and  fome  particular  Countries,  and  not  pafs  betwixt  the 
Sun  and  fome  other  Countries  at  all  5  whence  it  follows  * 
that  with  refpetft  to  fome  People  the  Sun  may  be  ve¬ 
ry  much  eclipfed,  and  not  at  all  eclipfed  with  refpeCt  to 
others* 

4.  It  is  evident,  that  there  can  be  no  Eclipfe  of  the 
Sun,  but  when  the  Moon  is  New,  or  in  Conjunction 
with  the  Sun,  and  not  then,  unlefs  the  Moon  in  its 
Motion  from  Weft  to  Eaft  be  exaCtly  in  the  Ecliptick  ; 
but  becaufe  the  Circle  which  it  describes,  is  at  fome 
Diftance  from  the  Ecliptick,  there  are  a  great  many  Con¬ 
junctions  without  any  Eclipfe  at  all,  nor  indeed  can  there 
be  any  but  when  the  Moon  is  near  the  Dragon’s  Head 
or  Tail. 

5.  The  Motion  of  the  Moon  from  Weft  to  Eaft  be¬ 
ing  very  quick,  it  gets  from  under  the  Sun  in  a  very 
fhort  Time  when  it  is  eclipfed,  fo  that  it  is  eclipfed  but 
a  little  while  ;  and  when  the  Eclipfe  is  total,  the  Dark¬ 
nefs  can  continue  but  a  few  Minutes,  becaufe  we  (hall 
immediately  have  fome  Light  from  that  Part  of  the  Sun 
which  begins  to  be  uncovered. 

6.  It  may  happen,  that  when  the  Moon  is  in  Oppo* 
fition  to  the  Sun,  it  may  be  in  the  Dragon’s  Head,  or 
T ail,  or  very  near  one  of  them  j  and  if  it  is  fo,  it  ought 
not  to  be  feen  at  all,  ( 1)  becaufe  the  Earth  fhades  it,  and 
hinders  the  Sun’s  Light  from  falling  upon  it,  which  is 
that  which  makes  it  vifible.  This  Deficiency  of  Light, 
or  this  Shade  in  which  the  Moon  is,  is  called  an  Eclipfe 
of  the  Moon ,  which  is  partial  and  not  total ,  if  the  Moon 
be  fo  far  diftant  from  the  Nodes,  that  it  is  not  intirely 
immerfed  in  the  Earth’s  Shadow. 


(1)  Becaufe  the  Earth  (loadei  it.  See.) 
Tacquet  in  bis  /JJhicnomy,  Book  IV. 
Chap.  ii.  Nunb.  17.  has demonftra- 
ttd,  that  the  Shadow  of  the  Earth 
never  reaches  fo  far  as  the  Morn,  fo 
that  the  Moon  is  darkned  not  by 


the  Sh?dow  of  the  Earth,  but  by 
that  of  the  Earth’s  Atmofphere  on- 
Jy  j  which  was  obferved,  though  not 
fo  exadtly  demonftrated  by  Kepler 
and  Eiccilus. 


7.  When 
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7.  When  at  the  Time  of  the  Oppofition,  the  Moon- I'Wbytben 
is  at  a  Diftance  from  its  Nodes ;  becaufe  it  has  then 

good  deal  of  Latitude,  it  does  not  enter  at  all  into  the  the  Moon  at 
Earth’s  Shadow,  and  hence  it  is,  that  there  is  not  always 
an  Eclipfe  every  full  Moon.  J‘Uon' 

8.  When  the  Moon  enters  in,  or  comes  out  of  the  8.  That  the 

Shadow  of  the  Earth,  that  Part  which  is  eclipfed  always  ■ 

appears  in  the  Form  of  a  Circle;  and  becaufe  Obferya-  round!  ** 
tions  have  been  made  of  a  great  Number  of  Eclipfes*  -in 

which  the  Moon  is  entered  in,  and  come  out  of  the 
Shadows  in  all  Parts  of  it,  and  the  Appearance  hath  been 
always  the  fame,  it  follows,  that  the  Shadow  of  the 
Earth  is  round. 

9.  And  becaufe  thefe  Obfervations  have  been  made  9  -That  the 
When 'the  Moon  hath  been  oppofite  to  different  Parts  of  tfwJdJS 
the  Earth  ;  this  is  a  Confirmation  -of  what  was  before  ry  Way. 
afferted,  viz.  that  the  Earth  is  round  every  Way. 

10.  When  the  Moon  pafles  through  the  Middle  of  io -That the 

the  Shadow,  it  continues  eclipfed  for  a  considerable  ^Moonis 
Time,  viz.  Two  or  three  Hours,  which  thews  that  the  lef  than  that 
Diameter  of  the  Moon  is  much  lefs  than  that  of  the  °f tbe  $ba- 
Earth’s  Shadow.  d™t°l  tbe 

11.  Further,  when  there  is  an  Eclipfe  of  the  Moon,  w- That  the 
the  nearer  the  Moon  is  to  the  Earth,  the  longer  the  Shadow  of 
Eclipfe  continues  ;  whence  we  collect,  that  the  Shadow  d!u!!fh! 
is  larger  nearer  the  Earth  than  at  a  further  Diftance,  like  a  Cone* 
fo  that  it  diminifhes  in  proportion  to  its  Diftance  like 

a  Cone. 

12.  Becaufe  the  Moon  is  lefs  than  the  Shadow  of  the  12.  That  the 


Earth,  and  this  Shadow  decreafes  like  a  Cone,  it  fol-  H°°! 
lows,  that  the  Moon  is  lefs  than  the  Earth* 


Earth, 


13.  And  becaufe  the  Shadow  of  the  Earth  could  not  T3  That  the 
decreafe  in  this  manner,  if  the  Body  which  enlightens  it 

were  not  bigger  than  it  felf ;  therefore  we  conclude,  that  Earth . 
the  Sun  is  bigger  than  the  Earth. 

14.  Becaufe  that  Part  of  the  Moon  which  enters  into  Wat  all 
the  Shadow  really  lofes  its  Light,  all  thofe  People  to  tb°f* 
whom  the  Moon  is  vifible,  when  it  begins  to  be  eclip-  the  Moon 
fed,  muft  fee  it  at  the  fame  Time,  and  take  notice  of  tcUpfed  at 
the  Gap  that  it  makes  upon  the  round  Face  of  the  Moon  ;  fame  ** 
fo  that  if  all  Nations  had  any  particular  Thing  in  view.  Time . 
and  agreed  to  do  it  at  the  fame  Moment  of  Time ;  fup- 

pofe  it  were  to  find  exactly  what  it  is  a  Clock ,  or  any 
other  Thing,  the  Beginning  of  an  Eclipfe  of  the  Moon 
would  ferve  for  a  Signal* 


Vo  L.  II. 


15.  If 


Jhdrtb. 


-  "5 
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oufIr°^fa  ^  *5«  ; deferent  People,  who  at  the  fame  Moment  of 
ary  one  Place  "Pime  had  obferved  feparately  what  a  Clock  it  was  at  the 
tf  ibt Eanh, feveral  Places  where  they  were,  afterwards  communi- 
anab'fr  ^  cate(^  their  Obfervations  to  each  other,  or  gave  them 
./r* all  to  one  Perfon  ;  it  is  eafy  to  collet,  that  all  they  who 
obferved  it  to  be  the  famO  Hour  at  the  fame  Moment 
1  of  Time,  live  on  the  Earth  under  the  fame  Meridian  ; 

tv  . ,  :  \ahd  becaufe  it  is  fooner  Noon-day  the  more  Eaft  any 

Place  is,  we  are  therefore  affured,  that  if  it  is  fooner 
fNoon-day  in  one  Place,  than  in  another,  that  Place  is 
Eaft  Of  the  other  ;  and  becaufe  the  diurnal  Motion  of 
Sun  is  fifteen  ‘  Degrees  in  an  Hour,  we  from  hence 
Conclude,  that  one  Place  is  fo  many  fifteen  Degrees  Eaft 
,  v  ,  of  another,  as  it  is  Hours  fooner  than  the  other. 

"f  i6.  The  Number  of  Degrees  that  one  Place  of  the 
'  Earth  is  more  Eaft  than  another,  is  called  the  Difference 
-  •'  J  "  of  Longitude ;  and  as  the  Knowledge  of  this  is  of  very 

great  Importance,  it  is  worth  while  to  illuftrate  it  by  an 
Example.  Suppofe,  That  at  the  Beginning  of  an  Eclipfe 
of  the  Moon,  it  were  by  Obfervation,  Eleven  Hours  and 
Thirty-four  Minutes  after  Noon  ;  and  that  we  had 
Notice  From  the  If  and  of  Fer  (one  of  the  Canary  Ifies) 
that  it  was  Ten  Hours  after  Noon  there  at  the  fame 
c  Moment  of  Time;  the  Difference  of  thefe  two  Obfer¬ 
vations,  is  an  Hour  and  Thirty-four  Minutes,  which 
fhews,  that  the  Difference  of  Longitude,  betwixt  thefe 
Places,  is  Twenty-three  Degrees,  and  thirty  Minates  : 
Wherefore  if  we  fuppofe  the  firft  Meridian  to  pals  thro’ 
the  Ifland  of  Fer ,  this  Difference  fhews  us  the  true  Lon¬ 
gitude  of  Paris. 

17.  Becaufe  Eclipfes  of  the  Moon  happen  but  feldom, 
and  the  Air  is  not  always  clear  when  they  do  happen  ; 
Longitude,  it  is  therefore L>ut  feldom  that  the  Longitude  can  be  ob¬ 
ferved  from  them. 

x8.  Tie  18.  The  Longitude  and  Latitude  of  the  feveral  Places 
foundation  Up0n  the  Larth  being  known,  their  Situation  upon  the 
Qi0he  js  thereby  determined  ;  fo  that  the  Rules  upon 
which  this  Knowledge  is  built,  are  the  principal  Founda¬ 
tions  upon  which  the  Whole  of  Geography  depends. 

19.  The  19.  Navigation,  or  the  Art  of  Sailing,  confifting 
Foundation  chiefly  in  determining  exa<ftly  from  Time  to  Time,  the 
of  the -Ar-t  '/piace  where  we  are  upon  the  Sea  (which  cannot  be  ac- 
v  ai’.ga. ton  curatejy  ^one  hut  by  the  Longitude  and  Latitude)  the 

Method  of  finding  out  both  thefe,  is  the  principal  Foun¬ 
dation  of  Navigation. 


\  That  it 
it  difficult 
to  jind  the 


CHAP. 


Chap,  12.  ^Natural  Philosophy, 
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CHAP.  XII.  T  ' 

Of  the  true  Bignefs  of  the  Earthy  Moon ,  and  Sun, 
and  of  their  Diftance  from  each  other . 

WiA7  was  juft  now  faid,  being  throughly  under-  i .A Method 
ftood,  it  affords  us  an  eafy  Method  of  finding  °f  findin£ 
how  much  the  Circumference  of  the  Earth,  and  how 
•  much  its  Diameter  is,  how  far  the  Moon  is  diftant  from  fennuoftht 
it,  the  Bignefs  of  the  Moon  compared  with  the  Earth,  Earth  *'• 
the  Diftance  betwixt  the  Earth  and  the  Sun,  and  how 
much  the  Sun’s  Diameter  is.  To  determine  then  the 
Circumference  of  the  Earth ,  we  need  only  to  take  two 
Towns  of  the  fame  Longitude,  that  is,  which  are  under 
the  fame  Meridian,  and  to  obferve  the  Difference  of 
tneir  Latitude,  that  is,  the  Number  of  Degrees  and  Mi- 
nutes,  counted  upon  the  Earth’s  Meridian,  contained 
between  the  two  Towns,  for  this  is  the  Difference; 
after  which,  if  we  know  how  many  Leagues  there  are 
betwixt  one  Town  and  the  other,  it  is  eafy  to  find  how 
many  Leagues  there  are  in  a  Degree ,  whence  it  is  eafy 
to  compute  how  many  Leagues  there  are  in  three  hun¬ 
dred  and  fixty  Degrees  upon  the  Earth. 

2.  For  Example,  Suppofe  Paris  and  Amiens  were  the  2.  dn  Ex-* 
two  Towns  fixed  upon  ;  they  have  both  the  fame  Lon-  amPit% 
gitude,  becaufe  they  are  under  the  fame  Meridian  :  Fur¬ 
ther,  the  Latitude  of  Paris  is  Forty-Eight  Degrees  and 
fifty-five  Seconds ,  and  the  Latitude  of  Amiens  is  forty- 

june  Degrees  and  fifty-five  Seconds ,  and  therefore  the 
Arch  of  the  Meridian  contained  betwixt  Paris  and  Amiens 
is  one  Degree.  But  it  is  reckoned  to  be  twenty-eight 
Leagues  from  Paris  to  Amiens ,  or  more  truly,  twenty- 
five  Leagues,  allowing  the  three  Leagues  for  the  wind- 
ing  of  the  Road,  and  then  a  Degree  upon  the  Meridian 
of  the  Earth  will  be  twenty-five  Leagues,  and  confe- 
quently  three  hundred  and  fixty  Degrees,  which  is  the 
whole  Circumference  of  the  Earth,  will  be  nine  thou- 
fand  Leagues. 

3.  Now  the  Circumference  of  any  Circle  is  to  its  i.o/tbe 
Diameter,  as  twenty-two  to  feven  ;  the  Circumference  Earth's  Se- 
of  the  Earth  therefore  being  nine  thoufand  Leagues,  m*~dlameter* 
its  Diameter  muft  be  about  two  thoufand  eight  hun¬ 
dred  and  fixty-three  ;  whence  it  follows,  that  the  Di- 

^  o  L  II*  C  2  ftance 
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ftance  from  the  Circumference  to  the  Center  of  the  Earth, 
is  very  nearly  one  thoufand  four  hundred  and  thirty-one 
Leagues. 

4.  Ho-w  to  4.  In  order  to  find  out  the  Diftance  betwixt  the  Cen- 

^tancele*-'^  ter  t^ie  Earth  and  the  Moon,  we  muft  fuppofe  its 
t-wixt  the  Mtftion  to  be  eftablifhed  with  fuch  geometrical  Exaft- 
Earth,  and  nefs,  that  its  Place  in  the  Zodtack  may  be  known  for 
tandv>bat  a ny  Day  ;  and  alfo  its  Altitude  above  the  Rational  Ho - 
the  Parallax  rizon ,  the  Plane  of  which  we  imagine  to  pafs  through 
lu  the  Center  of  the  Earth  :  After  this,  we  muft  obferve 

in  the  Place  where  we  are,  the  Altitude  of  the  Moort 
above  the  fenfible  Horizon ,  which  we  fuppofe  to  be  pa¬ 
rallel  to  the  rational  Horizon  ;  then  the  Difference  be¬ 
twixt  thefe  two  Altitudes,  is  equal  to  the  Angle  con¬ 
tained  between  two  vifual  Rays,  or  two  ftreight  Lines, 
going  from  the  Center  of  the  Earth,  and  the  Place 
where  wre  are,  and  meeting  in  the  Center  of  the  Moon  ; 
now  this  Angle  (which  is  called  th t  Parallax)  being  given, 
it  is  eafy  by  Calculation,  to  find  the  Diftance  betwixt 
the  Center  of  the  Earth  and  the  Moon. 

5,  An  Ex -  5*  This  will  be  better  underftood  by  the  following 

a"i>le'  Figure,  where  the  fmall  Circle  reprefents  the  Earth, 

Tab.  Xli.  whofe  Center  is  D  ;  A  is  the  Place  of  the  Obfervator’s 

Foot,  CDE  the  rational  Horizon ,  and  the  Line  FG 
reprefents  the  conimon  or  fenfible  Horizon ,  on  the  Plane 
whereof  ftands  the  Obfervator,  being  parallel  to  the  rati¬ 
onal  Horizon ;  the  great  Circle  is  the  Meridian,  in  which 
the  Moon  is  in  the  Place  R  ;  its  Altitude  above  the  ra¬ 
tional  Horizon  is  the  Angle  B  D  E ,  and  its  Altitude 
above  the  Surface  F  G  is  the  Angle  BAG;  the  Dif¬ 
ference  betwixt  thefe  two  Angles,  is  the  Angle  A  B  D, 
which  is  called  the  Parallax ,  ( 1 )  which  being  known, 
we  can  find  the  Line  DB,  which  is  the  Diftance  from 
the  Center  of  the  Earth  to  the  Moon  ;  as  alfo  the  Line 
AB,  which  is  the  Diftance  of  the  Obfervator  from  the 
Moon  :  After  this,  by  meafuring  the  Angle  under  which 
the  Moon  appears,  that  is  the  Angle  contained  betwixt 
the  Rays  which  come  from  the  extreme  Parts  of  the 
Moon,  which  is  called  its  apparent  Diameter ,  we  can 
find  alfo  its  true  Diameter. 


(1)  Which  being  known  t  &c.)  For 

Tab  XII  Ang  e  BAD  (wl)’ch 
pj  "  f  *  exceeds  the  Angle  BAG 
by  ninery  Degrees)  and 


the  Aegie  B,  with  one  cf  the  Sides 
AD  being  given,  the  Sides  AB  and 
DB  are  found  by  the  common  Rules 
ol  Trigone  met  ry. 
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6.  By  exadt  Calculation  upon  thefe  Obfervations,  we  ^ -How  much 

find  that  the  greateft  Diftance  of  the  Center  of  the  f betwixt  tbl 
Earth  from  the  Moon  is.  (i)  fomewhat  more  than  fixty-  Earth  and 
fix  Semi-diameters  of  the  Earth,  and  its  leaft  Diftance  a-  "f 

bout  fifty-one ;  and  that  the  Moon’s  trite  Diameter  is  tie  0'ne  n 
pretty  near  a  fourth  Part  of  that  of  the  Earth,  whence  compared 
we  conclude,  that  the  Earth  is  about  forty-five  T  imes  as  the 
big  as  the  Moon. 

7,  The  further  any  Star  is  diftant  from  the  Earth,  7 -What the 
and  the  higher  it  is  above  the  Horizon ,  the  lefs  is  its 

*  Parallax  ; .  that  of  the  Sun  is  not  fenfible,  unlefs  when  from  the  Sun 
it  is  in  the  Horizon ,  that  is,  in  the  Circle  which  ter-  and  what 
minates  our  Sight  :  And  when  the  Sun  is  in  the  Hori -  'y*neft 

zon ,  it  is  very  difficult  to  find  its  Parallax.  Upon  the  it, 
moft  exaeft  Calculation,  its  greateft  Diftance  from  the  *  That  y» 
Earth  is  found  to  be  (2)  about  fifteen  hundred  and  fifty 
Semi-diameters  of  the  Earth,  and  its  leaft  Diftance  about  much  left,  as 
fourteen  hundred  and  forty-fix  Semi-diameters.  Th q  ts  evident  to 

Diameter  of  the  Sun  is  alfo  found  to  be  about  fifteen  lorfiders  tie 
Semi-diameters  of  the  Earth  ;  whence  it  follows,  that  Figure - 
the  Sun  is  about  four  hundred  and  thirty-four  times  as 
big  as  the  Earth. 


(j)  Somewhat  more  than,  &c  ) 
Aftronomers  are  pretty  well  agreed 
about  the  Moon’s  Diftance  from  the 
Earth  :  Its  mean  Diftance,  is,  ac¬ 
cording  to  Tycho,  fifty- fix  Semi-dia¬ 
meters  and  a  half  of  the  Earth,  ac¬ 
cording  to  Copernicus,  Sixty  and  one 
Third,  and  according  to  moft  others, 
fifty-nine. 

(2)  About  fifteen  hundred  and fifty , 
&c.)  As  it  is  very  difficult  and  trou- 
blefome  to  find  the  Sun’s  Parallax, 
fo  its  Diftance  from  the  Earth  is  not 
fo  well  agreed  upon.  The  Sun’? 


mean  D'ftance  is  by  fome  reckon’d 
749  Diameters  of  the  Earth,  by 
others  10000  or  12000,  but  by  the 
exafleft  Obfervations  of  the  lateft 
Aftronomers,  but  5000  5  and  its  true 
Diameter  to  the  Diameter  of  the 
Earth,  as  100.00  to  208.  Whence 
it  follows,  that  the  Sun  is  many 
Thoufand  times  bigger  than  the 
Earth. 

According  to  the  beft  Aftrono¬ 
mers,  the  tfue  Bignefs  of  the  Pla¬ 
nets  and  their  Diftance  from  the  Sen 
are  as  follows : 


The  Dia¬ 
meter  of 


The  Sun  is  494100 


Saturn 
Jupiter 
Mars 

The  Earth 
The  Moon 
Venus 
Mercury 


Miles 


Saturn’s  (  513540000 1 

Jupiter’s  S  mean  \  280582000  f 

Mars’s  C  Diftance  /  8224200° 

The  Earth’s  ^from  the  S  54000000/  1 
Venus’s  f  Sun  is  )  39096000  V 

Mercury’s  X  (  20952000  \ 


Concerning  the  Diftance  of  the  fixed  Stars.  See  the  Notes  on  Chap,  xxv* 
jfrt.  3.  of  this  Fart. 
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CHAP.  XIII. 

Of  the  Phenomena  of  Mercury  and  Venus. 


j .  How  to 
know  Mer¬ 
cury. 


7.  How  to 


*"P  H  E  Planet  Mercury  is  very  fmall,  and  they  only 
who  find  it  out  by  the  Rules  of  Aftronomy,  can 
know  it  and  diftinguifh  it  from  the  fixed  Stars  ;  it  is  fo 
bright,  as  to  be  eafily  taken  for  a  fixpd  Star. 

2.  Next  to  the  Sun  and  Moon,  the  Planet  Venus  is 
*«ewVenus.  the  moll:  remarkable,  becaufe  it  appears  fo  large  ;  all 
Country-men  almoft,  know  it  by  the  Name  of  the  Shep¬ 
herd’ s-Star. 

3.  Of  tie  3.  By  comparing  Mercury  and  Venus  with  the  fixed 
^ifotTonl  of  Stars,  according  to  Hipparchus’s,  Method,  in  order  to 
Mercury  J  know  wThat  the  Pofition  of  their  Orbits  is,  with  regard 
and  Venus,  to  the  Ecliptick  ;  we  find,  that  each  of  thefe  Planets 
moves  from  Weil  to  Eaft:  in  Circles,  which  cut  the 
Ecliptick  in  two  oppofite  Points,  and  deviate  from  it 
to  a  determinate  Diftance,  viz.  that  of  Mercury ,  fix 
Degrees  and  fixteen  Minutes ,  and  that  of  Venus y  three 
Degrees  and  thirty  Minutes. 

4.  Mercury  and  Venus ,  take  up  about  a  Year  in  mov¬ 
ing  round  their  Orbits ;  and  though  they  feem  fome- 
times  to  move  fafter,  they  recompenfe  it  by  moving 
and  Venus.  fi°wer  at  other  Times,  without  obferving  any  Rule  ; 

yet  however,  they  perform  their  Revolutions  in  fuch  a 
manner,  as  always  to  pafs  through  their  Orbits  in  a 
Year  ;  fo  that  we  may  affirm  in  general,  that  they  make 
one  Revolution  every  Year. 

5.  of  the  5.  Mercury  and  Venus  appear  always  very  near  the 
IhUrcnr*  ^  Sun  *  Mercury  is  never  above  twenty-eight  Degrees ,  and 
and  Venus  Venus  never  above  forty-eight  Degrees  di  fiant  either  to 
from  the  the  Eaft  or  Weft. 

, ,  6.  When  Mercury  and  Venus  are  the  moft  Eaft  that 

long  ume  they  can  be,,  or  the  Sun;  that  is,  when  Mercury  is 
twenty-eight  Degrees ,  and  Venus  forty-eight  Eaft  of  it  ; 
W e  obferve,  that  they  then  move  {lowly  towards  the 
Weft,  till  they  are. got  as  far  Weft  of  the  Sun  as  they 
were  before  Eaft  of  it  :  After  this  they  feem  to  return 
l  ack  again  to  the  Eaft,  and  overtake  the  Sun,  till  they 
are  got  as  much  Eaft  of  if,  as  they  were  at  firft ;  this 
is  performed  by  Mercury  in  fix  Months,  and  by  Venus 
fir  nineteen  Months. 


4.  Of  the 
periodical 
limes  of 
Mercury 


they  are  in 
moving  to 
thefe  Dij . 
tances . 


7.  Mercury 
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7.  Mercury  and  Venus  arc  fometimes  hid  by  the  In-  'i  hat 
terpofition  of  the  Moon:  and  thefe  Planets  are  fome- 

*  *  V  enus 

times  feen  to  pafs  betwixt  tlie  Sun  and  us.  appear  fonu. 

times  be~ 
tween '  *b: 

$%*%*%%*%*%%*****%■*%*%%%*  Suna''“l 


CHAP.  XI Y. 

Conjectures  for  explaining  the  Phenomena  of 

Mercury  and  Venus. 

T)  POLE  M  T  thought  that  Mercury  and  Venus  had  *•  °f the 
each  of  them  a  Heaven  belonging  to  them,  and  ZiZZ  t 
thefe  he  placed  between  the  Moon  and  the  Sun  ;  and  Mercury  * 
he  imagined  Mercury’s  Heaven  to  be  neareft  the  Earth,  and  Venus, 
and  Venus’s  to  be  further  of.  , 

2.  He  imagined  alfo,  that  the  Heavens  of  Mercury  2*  °f tbe  . 

and  Venus ,  befides  that  Motion  which  is  common  to  all  °f 

the  Heavens  from  Eaft  to  Weft,  had  a  particular  Mo-  and  Venus, 
tion  of  their  own,  by  which  they  were  carried  from 

Weft  to  Eaft  with  their  Epicycles,  in  the  Circumference 
of  which  thefe  Stars  were  placed,  the  upper  Part  whereof 
moved  from  Weft  to  Eaft,  and  the  lower  Part  from  Eaft 
to  Weft. 

3.  Further,  he  imagined,  that  the  Epicycles  of  Mer-  3.  Of  the. 
cury  and  Venus,  were  carried  about  by  their  proper  c?upe  °f 
Heavens  in  one  Year’s  Timp,  and  had  their  Centers  Tut  EpUy' 
continually  almoft  under  the  fame  Point  of  the  Zodiack 

as  the  Sun. 

4.  Laftly,  he  fuppofed  the  Epicycle  of  Mercury  to  4.  The  Big. 

be  about  fifty-fix  Degrees  in  its  apparent  Diameter,  and  nefl  rf the 
that  it  revolved  about  its  Center  in  fix  Months  ;  That  tTamln 
the  Epicycle  of  Venus  was  ninety-fix  Degrees  in  Dia-  of  the  kpi. 
meter,  and  that  it  revolved  about  its  Center  in  nineteen  cycle‘  °f 
Months.  Me;™!y 

5.  It  is  not  worth  while  to  be  particular  in  fhewing  5  jvtyUtr- 
how  all  the  forementioned  Phenomena  may  be  folved  cu;y  LdvL 
upon  thefe  Hypothefes ,  the  Thing  is  too  evident  to  in- nus  * 
lift  upon  :  It  is  Sufficient  to  obferve  only  that  the  Cen-  ZlTcmy' 
ters  of  their  Epicycles  being  always  very  nearly  under  fromtbetun. 
the  Sun,  this  is  the  Reafon  why  Mercury  and  Venus 

never  go  beyond  a  certain  Diftance  from  it,  and  becaufp 
the  Time  in  which  thefe  Epicycles  revolve  about  their 
Center,  is  not  commenfurable  with  the  Time  of  the  Sun’s 

C  4  /  Revolution 


4P 


6.  The  Ob- 
fervation t 
of  modern 
Ajlronomert 
about  Venus* 


7.  Of  the 
various 
Flaps  of 
Venus,  and 
that  foe 
turn >  round 
the  Sun, 


Tb  at  Mer¬ 
cury  turns 
about  the 

Sun  tfljO. 


q.  That 
Ptolemy’* 
Jtiypotbefis 
about  Mer¬ 
cury  and 
Venus  is 

M*' 


$0  H  AU  L  T’s  System  Part  II, 

Revolution  in  the  Ecliptick ;  therefore  the  Duration  of 
the  apparent  Revolutions  of  Mercury  and  Venus  in  the 
Zodiack  is  very  unequal. 

6.  Later  Aftronomers  have  obferved,  that  when  Venus 
begins  to  move  from  the  Sun  to  the  Eaft,  and  is  but  at 
a  little  Diftance  from  it,  fhe  appears  very  large;  where-, 
as  when  fhe  is  at  the  fame  Diftance,  in  moving  towards 
the  Sun,  flue  appears  very  fmall ;  On  the  contrary,  when 
fhe  begins  to  move  from  the  Sun  to  the  Weft,  fhe  ap- 
pears  very  fmall,  but  when  fhe  approaches  the  Sun  again, 
fhe  appears  very  large. 

7.  This  is  that  Phenomenon  which  I  mentioned  be¬ 
fore,  and  which  was  thought  inconfiftent  with  the  Hy- 
pothefis  of  Copernicus ,  concerning  the  Motions  of  Venus 
and  Mercury  :  But  that  Difficulty  is  intirely  removed 
fince  the  Invention  of  Telefcopes.  For  Gall  l ecus,  who 
was  the  firft  that  made  them  long  enough  to  look  at  the 
Stars  with,  obferved  himfelf,  and  caufed  others  to  ob^ 
ferve,  that  Venus  was  quite  rounds  when  fhe.  appeared 
large,  and  that  fhe  was  horned  when  fhe  appeared  fmall  ; 
whence  their  is  no  doubt,  but  that  fhe  moves  round  the 
Sun,  and  borrows  her  Light  from  him.  Hence  alfo 
we  learn,  that  Venus  is  fometimes  farther  diftant  from 
the  Earth  than  the  Sun  is,  and  then  becaufe  that  Part 
of  her  which  is  illuminated*  is  turned  dire&ly  towards 
us,  fhe  appears  quite  round,  and  very  large  :  And,  on 
the  contrary,  at  other  Times,  fhe  is  nearer  us  than  the 
Sun,  and  then  a  Part  only  of  the  illuminated  Half,  can 
be  feen  by  us,  which  makes  her  appear  horned  and  very 
fmall. 

8.  Thefe  Phafes  of  Venus ,  have  alfo  been  taken  notice 
of  fince  G  alii  ecus’ s  Time  :  But  as  to  Mercury ,  our  Tele-  ' 
fcopes  not  being  long  enough,  any  more  than  thofe  of 
Gali! ecus,  we  have  not  yet  obferved  what  Figure  he  ap¬ 
pears  of ;  but  fince  very  curious  and  credible  Perfons  have 
allured  us,  that  they  have  feen  Mercury  undergo  the  fame 
Changes  of  its  Figure  as  Venus  ;  we  fhall  make  no  Diffi-? 
culty  to  fay,  that  He  turns  about  the  Sun  alfo. 

9.  If  Venus  and  Mercury  moved  in  Heaypns.  lower 
than  the  Sun,  as  Ptolemy  affirmed  ;  they  could  never  ap¬ 
pear  quite  round,  becaufe  they  could  never  be.  far  enough 
diftant  from  the  Sun  :  Wheiice  it  follows,  tnat.  his  Hy - 
pothefis ,  with  refpedt  to  Mercury  and  Venus ,  is  abfolutely 
falfe. 


CHAP. 
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CHAP.  XV. 

Of  the  Phenomena  of  Mars,  Jupiter,  and  Saturn. 


TUTARS,  Jupiter ,  and  Saturn,  may  be  diftinguifhed  T  jjaw 
from  the  other  Planets,  becaufe  they  appear  bigger  know  Mars, 
than-  Mercury ,  but  lefs  than  the  Sun,  Moon,  and  Venus :  JuPiter 
Jupiter  appears  bigger  and  brighter  than  Mars  and  Sa-  urn* 
turn  :  Mars  is  of  a  reddifh  Colour,  and  Saturn  of  a 
pale  one. 

2.  By  comparing  thefe  three  Planets  with  the  fixed  z%  of  the 
Stars,  we  obferve,  that  they  move  from  Weft  to  Eaft  apparent 
in  Circles  which  cut  the  Ecliptick  in  Points  diredfly  op- 
pofite  to  each  other,  and  which  make  different  Angles  p/anets . 
with  it ;  Mars’s  Circle  declines  from  the  Ecliptick,  one 
Degree  and  fifty  Minutes  \  and  Saturn’ s,  two  Degrees 

and  thirty  one  Minutes. 

3.  Mars  performs  a  Revolution  in  his  Circle,  in  a  3-  The  Time 
Year  and  three  hundred  and  thirty-two  Days  ;  Jupiter , 

in  about  eleven  Y ears,  and  three  hundred  and  eighteen 
Days ;  and  Saturn ,  in  about  twenty-nine  Y ears,  and  a 
hundred  and  eighty  three  Days. 

4.  The  apparent  Motion  of  thefe  Planets,  is  not  at  4*  How  thefe 
all  regular ;  for  fometimes  they  feem  to  move  from 

Weft  to  Eaft,  and  then  they  are  faid  to  be  Dire £1,  time! DirtS, 
fometimes  they  appear  for  fe.veral  Days  together  in  the  f°metimes 
fame  Place  of  the  Firmament,  then  they  are  faid  to  be  Jndftmt?* 
Stationary ;  and  at  other  Times  they  feem  to  go  back  timet  Re¬ 
to  the  Weft  again,  and  then  they  are  faid  to  be  Retro-  tr9&rade • 
grade  ;  after  this  they  become  again  Stationary ,  and  then 
Dir  eft. 

5.  From  the  Time  that  Mars  is  in  the  Middle  of  5.  Of  the 
his  Retrogradation,  to  the  next  Time  of  his  being  in 

the  fame  State,  is  about  two  Years  and  forty-nine  gradatienf 
Days  :  Jupiter ,  from  the  middle  T ime  of  his  Retrogra¬ 
dation,  to  the  middle  of  the  next,  is  about  one  Year, 
and  thirty-three  Days  ;  and  Saturn  about  one  Year  and 
thirteen  Days. 

6.  Whatever  Inequality  there  be  in  thefe  Planets  in  6-  ^atthey 
the  Times  from  one  Retrogradation  to  the  next,  yet  in 

this  they  all  agree  ;  that  every  one  of  them  is  always  when  the 
retrograde ,  when  the  Earth  is  betwixt  the  Sun  and  it.  farth  n 

■  ■  betwixt 

them  ard 

7.  The '**£«*» 
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7.  Mars  bat 
more  Retro - 
gradation 
than  Jupi¬ 
ter,  and 
Jupiter  more 
than  Sa¬ 
turn. 

2.  : That 
tbefe  Stars 
appear  big¬ 
ger  when 
they  are  re¬ 
trograde  . 
than  when 
they  are 
direbi. 

9.  None  of 
the  other 
Flan  ts  are 
ever  hid  by 
the  lnterpQ- 
fiti**\ 
tbefe . 
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7.  The  Arch  in  the  Zodiack  which  Mars  pafles  thro* 
when  he  is  retrograde ,  is  bigger  than  that  which  Ju¬ 
piter  pafles  through  when  he  is  retrograde  \  and  the  Arch 
which  Jupiter  pafles  through  When  he  is  retrograde ,  is 
bigger  than  that  which  Saturn  pafles  through  when  he  is 
retrograde. 

8.  The  apparent  Bignefs  of  thefe  three  Planets  in- 
creafes,  when  they  become  retrograde.  Mars  appears 
then  fix  times  as  big  as  when  he  is  direfyt ;  Jupiter 
about  three  times  as  big  ;  and  Saturn  almoft  as  big 
again. 

9.  None  of  thefe  three  Planets  were  ever  feen  to 
pafs  betwixt  the  Sun  and  the  Earth ;  but  they  are 
often  feen  to  pafs  betwixt  the  Earth  and  the  fixed 
Stars. 


ws&w 


CHAP.  XVI. 

Conjectures  whereby  to  explain  the  Phaenomena  of 
Mars,  Jupiter,  and  Saturn. 


J.  Of  the 
Heavens  be 
longing  to 
Mars,  Ju¬ 
piter,  and 
Saturn. 


2.  Of  tbeir 
Epicycles. 


3-  °f  tbe 
Motion  of 

tbe  Heavens 
belonging  to 
Mars,  Ju¬ 
piter,  and 
Saturn. 


PTOLEMY  aferibed  to  each  of  thefe  Planets  its 
proper  Heaven,  immediately  beyond  the  Sun’s  Hea¬ 
ven,  but  a  great  deal  nearer  than  the  Firmament ;  he 
fuppofed  that  of  Mars  to  be  neareft  us,  that  of  Ju¬ 
piter  to  be  next,  and  that  of  Saturn  to  be  the  far- 
theft. 

2.  He  affirmed,  that  every  one  of  thefe  Heavens  had 
an  Epicycle  belonging  to  it,  in  the  Circumference  of 
which  the  Planet  was  fixed  ;  that  the  Epicycle  of  Mars 
appeared  larger  than  that  of  Jupiter ,  and  the  Epicycle  of 
Jupiter  larger  than  that  of  Saturn. . 

3.  Befides  the  diurnal  Motion  of  thefe  Heavens  from 
Eaft  to  Weft,  they  have  a  proper  Motion  of  their  own 
from  Weft  to  Eaft ;  by  which  their  Epicycles  are  car¬ 
ried  along  through  all  Parts  of  the  Zodiack,  thro’  which 
we  faid  thefe  Planets  did  pafs,  and  their  Revolutions 
are  compleated  in  the  Times  (before-mentioned  when 
we  were  fpeaking  of  their  Phenomena)  which  thefe  Pla¬ 
nets  take  up  in  deferibing  an  entire  Circle  under  the  fixed 
Stars. 


6.  Whilft 
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4.  Whilft  thefe  Epicycles  are  carried  along  in  this  man-  4*  Of  the 
ner  by  thofe  Heavens  which  contain  them,  they  alfo 

turn  about  their  own  Centers,  and  carry  every  one  its  cycles»  r 
Planet  along  with  it,  from  Weft  to  Eaft  in  its  upper 
Part,  and  from  Eaft  to  Weft  in  its  lower  Part  ;  and  the 
Times  of  the  entire  Revolutions  of  thefe  feveral  Epicy¬ 
cles,  are  thofe  before-mentioned,  between  the  middle  of 
each  Retrogradation ,  and  the  Middle  of  the  following 
one. 

5.  It  is  evident,  that  thefe  Hypothefes  will  not  only  <•  That  thefe 
explain  the  apparent  Motion  which  we  obferve  in  thefe 
Planets,  by  which  they  feem  to  turn  about  the  Earth  in  Dire&ions , 
Twenty-four  Hours  ;  but  alfo  their  Motion  from  Weft  Stations  tanl 
to  Eaft  beneath  the  fixed  Stars  j  under  which  each  Planet 

ought  to  appear.  Firft,  To  advance  very  fenfibly  to-  Mar?,  ju- 
wards  the  Eaft,  or  to  be  direct,  when  it  is  in  the  upper  Plter*  avi 
Part  of  its  Epicycle  ;  becaufe  its  Motion  is  then  com¬ 
pounded  of  that  with  which  it  moves  in  its  Epicycle,  and 
of  that  with  which  the  Epicycle  it  felf  moves  in  its 
Heaven  alfo.  Secondly,  Each  Planet  ought  to  appear 
retrograde ,  when  it  is  in  the  lower  Part  of  its  Epicycle  ; 
becaufe  the  Motion  about  the  Center  of  it,  carries  it  fur¬ 
ther  towards  the  Weft,  than  the  Motion  of  the  Heaven 
in  which  the  Epicycle  is  carried,  does  towards  the  Eaft. 

Laftly,  Each  Planet  ought  to  appear  Stationary  when  it 
is  in  either  Extreme  of  the  lower  Half  of  the  Epicycle,  , 
becaufe  then,  in  turning  about  its  Epicycle,  it  advances 
neither  more  nor  lefs  towards  the  Weft,  than  it  is  car¬ 
ried  towards  the  Eaft  by  the  Motion  of  its  Heaven. 

6.  The  Retrogradation  of  Mars  ought  to  take  upa6'^' 
larger  Arch  of  the  Zodiack  than  that  of  Jupiter ,  becaufe  peari  fbavc 
Mars’s  Epicycle  is  fuppofed  to  be  larger  than  Jupiter's  ;  more  Rctro- 
and  for  the  like  Reafon,  Jupiter’s  Retrogradation  ought 

to  take  up  a  larger  Part  of  a  Circle  than  Saturn’s.  ter* 

7.  When  a  Planet  is  retrograde,  it  ought  to  appear  piter  more 
bigger  than  when  it  is  direct,  becaufe  it  is  then  nearer  to 

us,  being  in  the  lower  Part  of  its  Epicycle.  plants  ap- 

8.  The  apparent  Bignefs  of  Mars  ought  to  increafe digger 

more  fenfibly  than  that  of  Jupiter  or  that  of  Saturn ,  be-  ^reVtno- 
caufe  Mars  being  nearer  to  us,  his  Approach  towards  the  grade. 
Earth,  (  which  is  the  whole  Length  of  the  Diameter  of  8*  tit 
his  Epicycle,)  is  confiderably  more  in  proportion  to  his  ^ffnefo/ 
Diftance,  tha»  the  Approach  of  either  of  the  other  :  For  Mars  ra¬ 
th  e  fame  Reafon,  the  apparent  Bignefs  of  Jupiter  ought  cJaJjJJJJe6p 
more  fenfibly  to  alter  than  that  of  Saturn .  Jupiter, 
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g.  Why  the 
fixed  Start 
are  often  bid 
by  the  Inter - 
fofition  of 
tbefe  three 
Planets,  but 
never  any 
other  of  the 
Planets . 
lo.  Of  the 
Satellites  of 
Jupiter. 


11.  Of  the 
various  Fi¬ 
gures  of  Sa> 
turn. 

*  Tab.  XII. 
fig.  2. 

32.  Of  a 

Jmall  Star 
f  erf  dually 
attending 
Saturn. 

13.  Of  the 
Motion  of 
Jupiter’» 
Satellites • 
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9.  The  Heavens  belonging  to  thefe  three  Planets  be- 
ing  placed  beyond  the  Heaven  belonging  to  the  Sun  ;  it 
is  impoflible  that  they  fhould  ever  pafs  betwixt  the  Sun 
and  the  Earth  $  but  they  may  very  often  hide  fome  of 
the  fixed  Stars,  becaufe  they  are  fuppofed  to  be  below 
the  Firmament. 

10.  Galilaus,  by  making  ufe  of  Telefcopes,  firft  ob- 
ferved  thofe  four  fmall  Stars,  which  I  mentioned  before, 
which  always  accompany  Jupiter,  about  whom  they 
move  both  Ways,  fometimes  to  the  Eaft,  and  fometimes 
to  the  Weft,  at  unequal  Diftances.  Thefe  he  named 
the  Medic  ce  an  Stars ,  but  they  are  now  called  the  Satel¬ 
lites  or  Guards  of  Jupiter. 

11.  Galilaus  alfo  obferved,  that  Saturn  was  found 
to  alter  his  Figure,  He  fometimes  appearing  round,  and 
at  other  Times  oval ;  but  we  having  made  ufe  of  longer 
Telefcopes  than  his,  have  obferved  Saturn  to  appear 
fuccellively  under  thofe  Figures  which  are  *  here  repre- 
fented. 

12.  We  alfo  ob ferve  (1)  a  fmall  Star,  which  feems  to 
defcribe  an  oval  Figure  about  Saturn,  the  longer  Dia¬ 
meter  of  which  is  on  that  Side  where  Saturn  appears 
Jongeft. 

13.  As  to  the  fmall  Stars  which  accompany  Jupiter, 
Galilaus  was  of  Opinion,  that  they  turned  about  this 
Planet,  and  defcribed  Circles  which  are  all  in  the  lame 
Plane  3  which  Plane  continued,  would  pafs  through  the 
Center  of  the  Earth.  Mr.  Cajfini,  ProfefTor  at  Bolougne , 
found  by  very  exa<ft  Obfervations,  that  the  firft  of  thefe 
four  Stars  was  diftant  from  Jupiter  on  either  Side,  five 
Semi-diameters  of  this  Planet,  and  his  Periodical  Revolu¬ 
tion  one  Day,  eighteen  Hours,  and  T wenty-eight  Mi¬ 
nutes  :  That  the  Second,  which  is  a  little  bigger,  was  di¬ 
ftant  on  either  Side,  eight  Semi-diameters,  and  his  Peri¬ 
odical  Revolution,  three  Days  ,  thirteen  Hours,  and 
eighteen  Minutes  :  That  the  Third,  which  is  the  biggeft 
of  them  all,  was  diftant  on  either  Side,  thirteen  Semi-dia- 


(1)  A  Small  Star ,  &c.)  Nay  there 
are  Five,  as  was  faid  before,  wh  ch 
Caffini  and  Huger: us  have  obferved 
to  revolve  about  Saturn  5  the  Peri- 
cdxal  Terms  of  which  are  thefe. 
The  Firft  or  innermoft,  1  Day,  21 
Hours,  18  ,  31"  j  The  Second,  2 
Days,  17  Hours,  41%  27'-'  5  The 
Third.  4  Days,  13  Hours,  47', 
J6"$  The  Fourth,  15  Day*,  zz 


Hours,  41',  11'';  The  Fifth,  79 
Days,  7  Hour9,  53',  S7’’m  The 
Diftanee  from  the  Cen'terof  Saturn 
in  Diameters  of  the  Ring,  Of  the 
Firft,  is  almoft  1  ;  of  the  Second 
1 1  ;  of  the  Third,  il  j  of  the 
Fourth  4  j  of  therifth,  12.  See 
Hager iu s' s  Planetary  Worlds  in  Eng- 
lip).  Edit ,  Sift.  fag.  1 16. 


meters* 
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meters,  and  his  Periodical  Revolution,  feven  Days,  three 
Hours,  and  Fifty-feven  Minutes.  Laftly,  That  the 
Fourth,  which  is  the  leaft  of  all,  was  diftant  on  each 
Side,  Twenty-three  Semi-diameters,  and  his  Periodical 
Revolution  fixteen  Days ,  eighteen  Hours,  and  nine 
Minutes. 

14.  We  cannot  conceive  how  thefe  four  fmall  Stars 
can  move  in  this  manner  about  Jupiter ,  and  continue 

their  Motion,  unlefs  they  be  (1)  carried  by  a  fmall  Vor-  own  Center, 
tex  of  Matter  which  furrounds  Jupiter.  But  becaufe  it 
would  from  hence  follow,  that  Jupiter  alfo  ought  to 
turn  about  his  own  Center,  we  lhould  perhaps  have 
had  fome  Doubt  about  this,  notwithftanding  it  feems  fo 
agreeable  to  Reafon,  if  we  had  not  been  lately  convin¬ 
ced  of  the  Truth  of  it,  by  an  excellent  Obfervation 
made  by  CaJJini.  He  was  the  firft  that  took  notice  of 
it,  and  was  the  Occalion  of  others  taking  notice  after¬ 
wards  of  a  certain  Spot  upon  the  Body  of  Jupiter , 
which  beginning  to  appear  on  one  Side  of  this  Planet, 
afterwards  appeared  towards  the  Center,  and  then  on 
the  other  Side:  After  this  it  withdrew  for  fome  Time 
quite  out  of  Sight,  and  then  began  to  appear  again  on 
the  fame  Side  where  it  was  firft  feen  ;  The  Time  which 
this  Spot,  and  confequently  Jupiter  it  felf,  takes  up  in 
compleating  one  Revolution,  is  about  the  Space  of  nine 
Hours. 

15.  There  hath  been  the  like  Spot  feen  alfo  upon  15.  That 
the  Body  of  Mars,  which  proves,  that  this  Planet  alfo  “jf0^ 
turns  about  its  Center,  in  about  the  Space  of  T wenty-  jts  own 

four  Hours.  Center. 

16.  Galilesus  was  furprized  at  the  alterations  of  the?6-  A  Con. 
Figure  of  Saturn  without  being  able  'to  find  out  th ^^fexphin 
Caufe ;  and  fo  have  a  great  many  Philofophers  been,  the  different 
who  have  in  vain  perplexed  tRemfelves  about  it.  But  appear  an- 
not  long  fince,  Mr.  Hugens ,  a  Dutch  Gentleman,  has  Sa" 
very  luckily  thought  of  an  Explication  of  this  Phaeno¬ 
menon,  by  fuppofing  that  Saturn  is  a  fpherical  Body  fur- 
rounded  at  a  certain  Diftance,  by  a  Ring  which  is  very 

thin  (2)  but  of  a  confiderable  Breadth,  the  Plane  of  which 
pafles  through  the  Center  of  Saturn  y  and  he  fuppofes 

(1)  Carried  by  a  JmaU  Vortex ,  to  the  Eclipt;ck,  that  about  the  Signs 

Sec  •)  See  the  A'otes  on  Chap.  X\v.  of  Ariel  and  Libra ,  the  Ring  can 
Art.  22.  of  tbit  Part.  fcatce  be  feen  at  ali  j  but  about  the 

(2)  But  of  a  confiderable  Breadth ,  Signs  of  Cancer  and  Capricorn y  it 
&c.)  To  which  we  may  add  ;  that  appears  like  t wo  broad  Handles* 
the  Plane  of  the  Ring  is  io  inclined 

this 
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17.  AnEx- 
plication  of 
tb£  Figures 
if  it. 

Tab.  XII. 
Fig.  a. 


3?.  Of  the 
Motion  of 
the  Star 
•which  at  • 
tends  Sa¬ 
turn. 

Tab.  XII. 
Fig.  3. 


this  Ring,  as  well  as  Saturn  it  felf,  to  be  illuminated 
by  the  Sun. 

17.  This  being  fuppofed,  he  fhews  that  Saturn  ought 

to  appear  round,  as  it  is  reprefented  in  A,  when  his  Si¬ 
tuation  is  fuch,  that  if  the  Plane  of  his  Ring  be  con¬ 
tinued,  it  would  pafs  through  the  Earth  3  becaufe  the 
Thicknefsof  this  Ring  is  only  turned  towards  us  then, 
which  Thicknefs  cannot  be  perceived  j  but  when  the 
Ring  is  in  any  other  Situation,  fo  that  the  Plane  of  it 
is  vifible  to  us,  than  it  ought  to  appear  to  us  of  an 
Oval  Figure,  fuch  as  B,  C,  or  D,  which  muft  be  fo 
much  the  bigger,  as  our  Eye  is  elevated  above  the  Plane 
of  it.  ♦ 

18.  As  to  the  little  Star  which  accompanies  Saturn ,  he 
fuppofes  that  to  move  in  the  Plane  of  this  Ring,  and  that 
it  compleats  its  Revolution  about  this  Planet,  in  the 
Space  of  fixteen  Days  or  thereabouts. 

19.  All  the  feveral  Parts  of  the  World,  which  we  have 
hitherto  treated  of,  put  together,  and  difpofed  in  the  Or¬ 
der  in  which  we  have  mentioned  them,  will  compofe 
the  following  Figure,  which  reprefents  the  whole  World, 
according  to  the  Hypothecs  of  Ptolemy. 


The  Second  Part  of  Cofmography  : 


o  R, 

An  Explication  of  the  Phaenomena  ,  upon 
Suppofition  that  the  Earth  turns  about 
its  own  Center  in  twenty-four  Hours. 


CHAP.  XVII. 

A  Caution  about  the  Poles  and  the  Circles . 

1.  Of  the  I  JPON  Suppofition,  that  the  Earth  turns  about  its 
Earth.  1  £  ^  own  Axis  in  twenty-four  Hours,  (by  which  the 
apparent  Motion  of  the  Heavens  is  explained,)  the  two 
Points  of  its  Superficies  which  turn  about  their  own  felves 
only,  are  the  true  Poles  3  and  the  Circles  which  every  other 

Point 
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Point  of  its  Superficies  defcribes,  are  the  Circles  of  Lon¬ 
gitude  upon  the  Earth ,  the  largeft  of  which  Circles  is 
the  Terrejlrial  Equator ,  or  the  Equinoctial  Line. 

2.  So  likewife  the  two  Points  in  the  Heavens,  which  °f  the 
are  diredfly  againft  the  two  Poles  of  the  Earth,  and  rH\ht 
which  feem  never  to  move,  whilft  all  the  reft  feem  to  Heaven r. 
turn  about,  thefe  are  the  apparent  Poles  of  the  Heavens  ; 

and  the  Circle,  which  we  imagine  to  be  dire&ly  againft 
the  Earth’s  Equator,  is  the  apparent  Equator  of  the 
Heavens. 

3.  When  we  would  defcribe the  Horizon  of  any  par- 
ticular  Place  upon  the  Earth’s  Superficies,  we  imagine, 
alike  in  both  Hypothefes,  that  this  Horizon  is  ninety 
Degrees  diftant  every  Way  from  the  Place,  and  the 
Horizon  which  we  imagine  in  the  Heavens  necefiarily 
pafles  through  all  thofe  Points,  which  are  dire&ly  againft 
the  Earth’s  Horizon ;  now  upon  Suppolltion  that  the 
Earth  moves,  thefe  Places  in  the  Heavens  are  the  fame 
as  if  the  Motion  were  really  in  the  Heavens  ;  therefore 
it  follows,  that  upon  either  Hypothefis,  the  Horizon  is 
always  the  fame. 

4.  The  Circles  of  Latitude ,  and  the  Meridians  upon  the  4*  Of  the 
Earth  are  always  the  fame  :  For  fincethe  Meridians  in 

the  Heavens,  are  always  fuppofed  to  be  in  thofe  Places  Equator . 
which  are  directly  againft  the  Earth’s  Meridians ,  and 
that  thefe  Places  are  always  the  fame  upon  either  Hy¬ 
pothefis  ;  it  follows,  that  the  Meridians  in  the  Heavens, 
ought  to  be  the  fame  here,  as  thofe  before  defcribed, 
when  we  allowed  the  Hypothefis  of  the  diurnal  Motion 
of  the  Heavens. 

CHAP.  XVIII. 

An  Explication  of  the  Sun’s  Phaenomena . 

FIRST.  Though  we  conceive  the  Diftance  from  tt  7^^ 
hence  to  the  Sun  to  be  very  great  ;  yet  the  Diftance  Sumption* 
from  hence  to  the  Firmament  (1)  is  ftill  vaftly  greater. 

We  may  indeed  conceive  it  as  great  as  we  pleafe,  be- 
caufe  there  has  not  yet  been  any  Method  found  out  of 
determining  it. 

(1)  Is  fiill  vajtl/  greater }  &cz.)  §ee  the  Notes  on  Cbafi,  xxv,  Art*  3.  of 
thit  Part* 

2.  Se-» 
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*.  The  ft-  2.  Secondly.  We  muft  fuppofe,  that  (i)  the  celeftial 
Matter  which  furrounds  the  Sun,  and  which  diffufes  it 
‘  l0n  felf  all  Ways  to  a  Diftance  much  lefs  than  that  where 
the  fixed  Stars  are,  but  much  greater  than  that  where  we 
are;  turns  from  Weft  to  Eaft  about  the  Sun,  and  car¬ 
ries  the  Earth  along  with  it  in  fuch  a  manner,  as 
without  hindrirtg  its  Revolution  about  its  own  Center  in 
Twenty-four  Hours,  to  move  very  nearly  parallel  to  it 
felf,  and  to  defcribe  about  the  Sun  every  Year,  a  Circle 
fomewhat  excentrick  ;  to  the  Plane  of  which  its  Axis  is 
inclined  Twenty-three  Degrees  and  a  half. 

3.  Why  the  3.  Upon  this  Hypothefis,  it  is  evident,  Firft,  That 
Heavens  the  Sun  as  well  as  the  whole  vifible  Heavens,  ought  to 
/rZi^EaJi^o  feem  to  defcribe  every  Day,  from  Eaft  to  Weft,  a  Cir- 
Weji,  'cle  parallel  to  the  Equator. 

4  Why  the  4*  Secondly.  Becaufe  the  Earth  goes  about  the  Sun 
Sun  appears  from  Weft  to  Eaft:,  the  Sun  miift  neceftarily  feem  to  move 
tomouejrom  from  Weft  to  Taft  in  the  Firmament,  in  which  it  would 
^inStbeE-^  aPPear  t0  defcribe  a  Circle,  which  would  indeed  be  the 
chptick,  fame  as  the  Equator,  if  the  Axis  Of  the  Earth  Were  per¬ 
pendicular  to  the  Plane  of  its  annual  Circle,  but  muft 
now  differ  from  it,  and  interfedf  it  at  an  Angle  of 
Twenty-three  Degrees  and  a  Half,  which  is  its  Djftance 
from  it,  by  reafon  the  Axis  of  the  Earth  has  thus  much 
Inclination  to  its  Plane. 

5.  That  all  5«  Having  fhewn  how  the  Sun  ought  to  appear,  to  turn 
the  other  about  the  Earth  from  Eaft  to  Weft  every  Day,  and  to 
^f'the’sun  defcribe 'Circles  parallel  to  the  Equator;  and  further,  that 
depend  upon  it  ought  alfo  to  have  an  apparent  Motion  from  Weft  to 
nubat  nue  Eaft  in  the  Ecliptick,  which  it  feerns  to  move  through  in 
^mentioned  a  Year>  it  is  eafy  to  fee  that  this  will  folve  all  the  parti¬ 
cular  Phaenomena  before- mentioned  ;  I  {hall  not  there¬ 
fore  fpend  any  further  Time  in  explaining  them. 

6.  That  the  6.  However,  I  cannot  omit  in  this  Place,  two  very 
apparent  important  Thihgs,  belonging  to  the  Subjeft  we  are  now 
^“t  be  fixed  treating  of.  The  Firft  is,  That  though  the  Diftance  be- 
Stars,  and  twixt  the  Earth  and  fome  of  the  fixed  Stars,  increafes  or 
tbe  ?v£  y  diminifties  Jn  fix  Months  time,  by  the  Length  of  the 
tcugkt'never  whole  Diameter  of  the  Earth’s  annual  Circle;  yet  thefe 
to  alter*  Stars  ought  not  to  appear  bigger  at  one  Time  than  at 

another.  The  Second  is,  that  though  the  Circle  which 
the  Earth  defcribes  about  the  Sun,  is  very  large  confidered 
by  it  felf,  and  with  regard  to  thefe  Meafures  which 

(0  7 heCehfiictl  Matter ,  &C-)  Stetbe  Notes  on  Chap.  xxv.  Art.  22.  of 
this  Part. 
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we  here  make  ufe  of  upon  the  Earth,  yet  notwithfland- 
ing,  the  apparent  Pole  in  the  Heavens  ought  not  to 
change  its  Place,  but  always  throughout  the  whole  Year, 
to  keep  the  fame  Diflance  from  the  Pole  Star. 

7.  As  to  the  firft  of  thefe  two  ;  befides  the  Proof  of  7.  Why  the 
it  from  hence,  that  the  Diameter  of  the  Earth’s  annual  aPParent 

.  ,,  r  Magnitude 

Circle,  as 'large  as  it  leems  to  us  to  be,  is  not  at  allien-  0f  the  fixed 

fible,  but  a  mere  nothing,  compared  with  (1)  the  im-  Stars  never 
menfe  Diflance  that  there  is  betwixt  the  Earth  and  the  alter% 
fixed  Stars  \  befides  this,  I  fay,  there  is  another  Reafon 
which  I  think  no  one  has  hitherto  taken  Notice  of,  and 
that  is  this  ;  We  judge  of  the  Magnitude  of  a.  fixed  Star 
by  the  Bignefs  of  that  Part  of  the  Bottom  of  the  Eye 
which  is  fhaken,  when  we  look  upon  it :  But  the  Im- 
preffion  which  a  Star  makes,  is  fo  flrong,  that  it  fpreads 
over  a  Space  a  thoufand  Times  bigger  in  Diameter  per¬ 
haps  than  the  true  Image  }  fo  that  we  fee  if  (2)  far  bigger 
than  it  ought  to  be  feen.  This  being  luppofed  ;  if  we 
imagine  that  the  Diameter  of  the  Earth’s  annual  Circle 
were  fo  large,  compared  with  the  Diflance  betwixt  the 
Starry  Heaven,  that  we  v/ere  twice  as  near  a  fixed  Star, 
one  Time  of  the  Year,  than  we  are  at  another,  its  true 
Image  ought  to  be  twice  as  large  ;  but  the  trembling  or 
fhaking,  if  it  extends  it  felf  to  its  ufual  Diflance  all 
round,  mufl  caufe  the  Diameter  of  the  falfe  Image,  by 
which  we  judge  of  the  Diflance  of  a  Star  when  we  are 
nearefl  it,  to  be  greater  than  the  Diameter  of  the  falfe 
Image  when  we  are  furthefl  off  it,  by  a  thoufandth  Part 
only  of  its  Diameter,  which  is  not  at  all  fenfible  :  It 
follows  therefore,  that  the  apparent  Magnitude  of  the 
Image  ought  not  fenubly  to  increafe. 

8.  As  to  the  apparent  Pole  in  the  Heavens  never  alte-  8.  Why  the 
ring  its  Place,  that  is  entirely  owing  to  the  immenfe  Di-  Difianc«  °f 
fiance  of  the  fixed  Stars  from  us,  and  to  the  Earth’s 

Axis  always  keeping  parallel  to  it  felf.  For  hence  it  Heavens 
follows,  that  the  Alteration  of  the  Pole  in  the  Heavens,  from  tbe 
being  exadlly  equal  to  the  Change  of  the  Place  of  the 
Earth’s  Pole;  the  Alteration  of  the  Pole  in  the  Heavens  all  the  r.  ar, 
cannot  be  at  all  fenfible,  becaufe  of  its  great  Diflance. 


(l)  With  the  immenfe  Di  lance .)  ( a-)  Far  bigger  than  it  ought.') 

See  Notes  on  Chap.  xxv.  Arc-  3.  of  See  Notes  to  Chap,  xxxi.  Art.  26. 
this  Part.  of  the  fird  Part. 
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CHAP.  XIX. 

An  Explication  of  the  apparent  Motion  of  the  fixed 

STARS. 


Z.  That  the 
apparent 
diurnal  Mo¬ 
tion  of  the 
fixed  Stars 
follows  from 
the  Earth's 
turning  a- 
hout  its  own 
Center . 
a.  A  Con - 
jeflure  for 
explaining 
the  periodic 
Revolution 
cf  the  fixed 
Stars. 

3.  Why  the 
fixed  Stars 
feem  to  move 
from  Weft  to 
Eaft. 


4.  Why  the 
Motion  of 
the  fixed 
Stars  from 
Weft  to  Eaft 
is  unequal. 


5.  Why  the 
Declination 
of  the  Ec lip- 
tick  lejfens 
from  Time 
to  Time. 


T  Am  not  now  fpeaking  of  the  diurnal  Motion  of  the 

fixed  Stars :  If  the  Earth  turns  about  its  own  Center, 
they  mull  neceffarily  feem  fo  to  move :  The  Queftion 
now  is  concerning  another  Sort  of  Motion,  by  which 
every  fixed  Star  feems  to  increafe  its  Longitude  fince 
Hipparchus1  s  Time. 

2.  In  order  to  account  for  this  Phaenomenon,  we  need 
only  to  fuppofe,  that  the  Earth,  in  its  annual  Revolu¬ 
tion  about  the  Sun,  does  not  keep  an  exadt  Parallelifm, 
but  that  it  librates  a  very  little,  fo  that  in  a  great  many 
Thoufand  Years,  each  of  its  Poles  defcribe  a  fmall  Cir¬ 
cle  from  Eaft  to  Weft. 

3.  Upon  this  Suppofition,  the  Earth1  s  Equinoctial  Cir¬ 
cle  will  be  applied  to  different  Parts  of  the  Heavens, 
and  therefore  the  Equinoctial  Circle  of  the  Heavens  muft 
alter  in  the  fame  manner,  and  cut  the  Ecliptick  in  dif¬ 
ferent  Points,  fucceeding  each  other  from  Eaft  to  Weft. 
Now  fince  we  reckon  the  Longitude  of  the  Stars  from 
the  Point  of  Interfe<ftion  of  thefe  two  Circles,  it  muft 
neceffarily  increafe  a  little  every  Century. 

4.  The  Alteration  of  Longitude  that  happens  to  any 
one  fixed  Star  in  a  certain  Number  of  Years,  muft  be 
the  fame  in  every  other  fixed  Star;  but  all  the  fixed 
Stars  together  may  alter  their  Longitude  more  fenfibly  in 
one  Age  than  in  another,  if  the  Libration  of  the  Earth 
be  greater  in  one  Age  than  in  another. 

5.  In  order  to  explain  how  the  Declination  of  the  E- 
cliptick  is  leffened,  as  Aftronomers  have  from  Time  to 
Time  obferved,  fince  the  Days  of  Hipparchus  ;  we  need 
only  fuppofe  this,  that  the  Libration  of  the  Earth,  hath 
caufed.  its  Axis  to  be  a  little  more  elevated  above  the 
Plane  of  the  Ecliptick  :  And  from  hence  it  will  follow, 
that  the  Equir.cdfial  Circle  in  the  Heavens  muft  approach 
fomewhat  nearer  to  the  Ecliptick  in  which  the  Sun 
feems  to  move:  There  being;  therefore  not  fo  much 
Diftance  betwixt  the  Ecliptick  and  the  Equator,  as  there 
was  before,  we  imagine  the  former  of  thefe  Circles  to 
have  come  nearer  to  the  latter. 


6.  The 
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6.  The  Libration  which  we  here  afcribe  to  the  Earth,  6*  That  the 
makes  the  Poles  of  it  alter  their  Places  ;  whence  it  fol-  ^rt^do* 
lows,  that  they  ought  not  always  to  correfpond  to  the  not  an  fiver 
fame  Places  in  the  Heaven's  ;  and  thus  late  Aftronomers  l°the  fame 
have  obferved,  that  the  Polar  Star  is  much  nearer  the  Heaven”  *  * 
Pole  now,  than  it  was  in  the  Days  of  Hipparchus.  that  they 

7.  But  no  Libration  or  other  Notion  whatfoever,  which  ^0Tmfbl^t  f/e* 
we  fuppofe  in  the  Earth,  (1)  can  caufe  any  Alteration  in  Vibration  ‘of 
the  Elevation  of  the  apparent  Pole  of  the  Heavens  above  the  Earth, 
the  Horizon  in  any  particular  Place,  fo  long  as  the  fame 

Points  of  the  Superficies  of  the  Earth,  continue  to  be  tion  of  the 
the  Poles  of  it.  Becaufe,  as  the  Poles  alter  their  Places,  Pole* 
the  whole  Earth  is  altered  likewife,  and  confequently  the 
Horizon  in  proportion.  Thus  if  we  fuppofe  the  Pole  of 
the  Earth  to  correfpond  to  a  Place  in  the  Heavens,  dif¬ 
fering  fix  Degrees  from  the  Place  to  which  it  correfponds 
now  ;  the  Horizon  which  we  conceive  upon  the  Earth, 
would  correfpond  to  a  different  Place  alfo,  from  what  it 
did  before,  by  the  fame  Number  of  Degrees  :  Whence 
it  follows,  that  the  Elevation  of  the  Pole  above  the  Ho¬ 
rizon  muff  be  always  the  fame. 

8.  It  is  true,  that  if  we  fuppofed  the  Earth  to  turn  8,  How  the 
upon  different  Poles  from  what  it  does  now,  then  this  Elevation  of 
Elevation  would  indeed  be  altered  :  And  this  would  'b^tbe  Ho- 
agree  with  the  Opinion  of  fome  Moderns,  who  pre-  Axon  may 
tend,  that  the  Latitude  of  Paris ,  and  confequently  the  be  a^terei* 
Elevation  of  the  Pole,  is  not  the  fame  that  it  was  for¬ 
merly,  and  that  the  Limits  of  the  Sun’s  Setting  are  alfo 
altered. 

(1)  Can  caufe  any  Alteration ,  but  its  Diftance  from  that  Star 
icc.)  The  E'evation  of  the  Pole  it  which  is  now  called  the  Pole-Star, 
felf,  would  no;  indeed  be  alteied,  would  be  very  much  altered. 
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T «  There  is 
to  need  of 
making  any 
new  S appo¬ 
rtion,  tn  or *• 
der  to  ex  - 
plain  the  * 
Phenomena 
of  Mercury 
and  Venus* 
How 
Mercury 
and  Venus 
feem  to  turn 
round  from 
Eajl  to 
Wejl  every 
Day. 

3.  How  they 
ought  to  ap¬ 
pear  to  move 
from  JVeJl 
to  Eafi. 

4.  That  they 
ought  to 
defcrihe  a 
great  Circle, 


e).  That  they 
ought  to  f- 
r.ifh  their 
Ccurfis  in 
left  than  a 
Year. 

6 .  That  they 
ought  to  ap¬ 
pear  to  take 
up  more 
Time  in  a 
Revolution 
than  they 
really  do  take 
vp. 


CHAP.  XX. 

An  Explication  of  the  Motions  of  Mercury  and 

Venus. 

WE  have  been  already  allured,  that  Mercury  and 
Venus  are  much  nearer  the  Sun  than  the  Earth 
is  ;  which  being  granted,  there  is  no  need  of  fuppofing 
any  Thing  new,  in  order  to  explain  the  Phaenomena  ; 
they  all  neceflarily  follow,  from  what  has  been  already 
fuppofed  in  order  to  explain  the  Phaenomena  of  the 
Sun. 

2.  For,  Firft,  lince  the  Earth  turns  about  its  own 
Center  from  Weft  to  Eaft  in  twenty- four  Hours  ;  Mer¬ 
cury  and  Venus  muft  neceflarily  appear  to  move  from 
Eaft  to  Weft,  and  to  defcribe  every  Day  a  Circle  pa¬ 
rallel  to  the  Equator. 

3.  They  ought  alfo  each  of  them  to  defcribe  a  Circle 
about  the  Sun  from  Weft  to  Eaft,  becaufe  they  are  con¬ 
tained  (1)  in  the  coeleftial  Matter,  which  carries  the 
Earth  about  in  that  manner. 

4.  Further,  according  to  this  Law  of  Mechanicks 
founded  in  Reafon  and  Experience,  viz.  that  every  Body 
which  moves  in  a  Circle ,  endeavours  to  defcribe  the  largeji 
Circle  that  it  can ;  Mercury  and  Venus ,  as  well  as  the 
Earth,  ought  always  to  be  in  the  Zodiack  ;  becaufe  that 
is  the  largeft  Circle  which  the  cceleftial  Matter  in  which 
they  are  carried  defcribes. 

5.  The  Circles  which  Mercury  and  Venus  defcribe 
about  the  Sun,  being  Iefs  than  that  in  which  the  Earth 
is  moved  about  it  ;  we  ought  to  conclude,  that  the  true 
periodical  Revolutions  of  thefe  two  Planets,  are  finifhed 
in  lefs  than  a  Year. 

6.  However,  they  ought  to  appear  to  take  up  more 
Time  in  making  a  Revolution,  than  they  really  do  take 
up ;  becaufe  we  call  that  the  Beginning  of  their  Periods, 
when  thefe  Planets  are  between  the  Sun  and  the  Earth  ; 
and  we  fuppofe  this  Period  not  finifhed  till  w*e  find  them 
there  again  :  But  becaufe  the  Earth  changes  its  Place 
alfo,  whilft  the  Planets  make  their  Revolutions,  that  alfo 
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will  be  in  a  different  Place  from  what  it  was  in  at  the 
Beginning  :  Whence  it  follows,  that  the  apparent  Pe¬ 
riod  of  every  one  of  the  Planets,  muft  neceffarily  com¬ 
prehend  not  only  a  whole  Circle,  but  as  much  more 
alfo,  as  the  Earth  has  palled  through  in  the  fame 
Time. 

7.  This  being  well  underftood,  it  will  not  appear  at 
all  ftrange,  that  Venus ,  which  moves  in  a  lefs  Circle 
than  the  Earth,  fhould  notwithftanding  appear  to  take 
up  nineteen  Months  :  For  the  Earth  having  in  this 
Time  gone  above  a  Revolution  and  a  half ;  Venus  muft 
have  made  more  than  two  Revolutions  and  a  half, 
when  we  think,  that  fhe  hath  made  but  one ;  whence 
it  follows,  that  fhe  finifhes  her  Courfe  in  lefs  than  eight 
Months. 

8.  And  becaufe  Mercury  feems  to  make  his  Revolution 
in  fix  Months  or  thereabouts,  during  which  Time,  the 
Earth  makes  half  a  Revolution  therefore  Mercury  really 
finifhes  his  Courfe  in  about  four  Months. 


7.  That  Ve¬ 
nus  finijhetb 
btr  Courfe 
in  lefs  than 
eight 
Months* 


8.  *2  bat 
Mercury 
finifhes  bis 
courfe  in 
about  four 
Months « 


CHAP.  XXL 

An  Explication  of  the  Motion  of  Mars,  Jupiter, 

and  Saturn. 


C  I  N  C  E  we  are  already  affured,  that  Mars ,  Jupiter , 
^  and  Saturn ,  do  indeed  fo  move  about  the  Sun,  that 
the  Circles  which  they  defcribe,  contain  the  Earth’s 
Circle  within  them ;  this  is  fufHcient  to  convince  us, 
that  thefe  Planets  alfo  (1)  fwim  in  the  cceleftial  Matter, 
and  that  they  are  further  diftant  from  the  Sun  than  the 
Earth  is. 

2.  This  being  fuppofed,  it  follows,  that  Mars ,  Ju¬ 
piter ,  and  Saturn ,  muft  not  only  feem  to  turn  about 
the  Earth  from  Eaft  to  Weft  in  twenty-four  Hours  : 

J  t  * 

but  muft  alfo  be  carried  along  by  the  cceleftial  Matter 
which  contains  them,  in  the  fame  manner  as  Mercury , 
Venus ,  and  the  Earth  are  carried. 

(()  Swim  in  the  ccetefliul  Matter,  2c:-)  See  the  Notes  on  Chap .  xxv. 
Nit.  22. 


r.  That 
Mars,  Ju¬ 
piter,  and 
Saturn,  are 
further  di - 
flant  from 
the  Sun  than 
the  Earth  ii. 


2.  How  they 

appear  to 
turn  about 
the  Earth  in 
twenty-four 
Hours  from 
Ea/i  to  IV efi* 


n  3 


3.  Accord- 
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4«  Why 
JVJars,  Ju¬ 
piter,  and 
Saturn,  take 
up  fo  many 
Years  in 
turning  a- 
bout  the 
Sun, 


A.  Hcnu 
tbefe  Planets 
appear  re¬ 
trograde. 


5.  How  they 

appear 

Stationary, 


6.  A  more 

particular 
uLxpheation 
of  their 
S'aticni  and 
Ret  regra¬ 
dationi. 

Tab.  XIII. 
Fig.  a. 
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3.  According  to  the  Mechanick  Law  before-mentio¬ 
ned,  the  Circles  which  Mars ,  Jupiter ,  and  Saturn  de- 
fcribe,  ought  to  be  under  the  Zodiack  ;  and  as  they  are 
larger  than  that  which  the  Earth  defcribes,  it  is  eafy  to 
fee,  that  they  cannot  finifh  their  Courfe  in  fo  fhort  a 
Timeas  the  Earth  does  hers.  Thus  we  fee  the  Reafon 
why  Mars  finifhes  his  Courfe  in  near  two  Years,  Jupi¬ 
ter  in  Twelve,  and  Saturn  in  Thirty,  as  they  are  ob- 
ferved  to  do,  viz.  becaufe  they  being  further  diftant  from 
the  Sun  than  the  Earth  is ;  the  coeleftial  Matter  at  fuch 
Diftances,  ought  to  take  up  proportionable  Times  to  re¬ 
volve  round. 

4.  Though  thefe  Planets  move  always  dire£Uy  on, 
and  never  {land  ftill,  or  go  backwards,  yet  they  mull: 
neceftarily  appear  to  be  ftationary  and  retrograde,  and 
that  at  the  Time  when  we  think  they  fhould  be  fo,  viz . 
they  feem  retrograde  as  often  as  the  Earth  pafles  be¬ 
twixt  the  Sun  and  them  ;  becaufe  we  then  move  the 
fame  Way  as  they  do,  but  quicker  than  they  ;  therefore 
we  muft  fee  them  applied  to  different  Parts  of  the  Star¬ 
ry  Heaven  every  Day,  and  move  the  contrary  Way  to 
that  which  we  go.  „ 

5.  And  as  to  their  Stations,  we  ought  to  fee  them 
before  and  after  every  Retrogradation,  becaufe  then  the 
Determination  of  the  Earth’s  Motion,  is  fomewhat  ob¬ 
lique  to  the  Determination  of  the  Planet’s  Motion  :  So 
that  the  Velocity  with  which  we  are  moved,  is  fufficient 
only  to  make  us  fee  the  fame  Planet  in  the  fame  Place 
for  feveral  Days  together. 

6.  This  will  be  clearer  by  looking  on  the  Figure. 
Let  us  fuppofe,  for  Inftance,  the  Circle  here  marked  A 
to  be  the  Sun ;  BC  to  be  the  Earth’s  annual  Circle  ; 
DM  the  Orbit  of  one  of  the  Planets,  Mars ,  Jupiter , 
or  Saturn  ;  and  that  FG  reprefents  the  Starry  Heaven  : 
This  being  fo,  if  we  conceive  the  Planet  to  be  at  D, 
and  the  Earth  at  B,  (fo  that  we  are  about  to  pafs  betwixt 
it  and  the  Sun)  we  muft  then  fee  it  under  the  Place  of 
the  Heaven  marked  F.  Further,  if  when  the  Earth  is 
got  to  H,  the  Planet,  which  moves  flower,  is  got  to  E 
only,  we  ought  to  fee  it  in  F  ftill,  the  fame  Place  of  the 
K eaven ;  and  this  explains  the  Station  which  precedes 
the  Retrogradation  ;  after  this,  if  we  fuppofe  the  Earth 
to  be  got  as  far  as  I,  and  the  Planet  to  L,  then  we 
ought  to  fee  it  under  the  Place  of  the  Heaven  marked 
G,  which  is  more  Weft  than  the  Point  F,  where  it 
appeared  before;  which  explains  the  Retrogradation  : 

'  *  J - '  ‘  Laftly, 
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Laftly,  if  we  fuppofe  the  Earth  to  be  got  to  C,  and  the 
Planet  to  M,  we  ought  ftill  to  fee  it  in  the  fame  Place 
G  ;  and  this  explains  the  Second  Station,  which  follows 
the  Retrogradation. 

7.  The  Nearnefs  of  Mars ,  makes  the  Arch  FG,  7 >  Whence  it 
that  is,  the  Parallax ,  and  his  Retrogradation,  larger  than 

the  Parallax  and  Retrogradation  of  Jupiter .  And  be-  piter,’  and 
caufe  Jupiter  is  nearer  us  than  Saturn ,  for  the  fame  Saturn,  are 
Reafon  his  Parallax  and  Retrogradation  are  larger  than  uneiually 

YCtVOPT&UCv 

thofe  of  Saturn  :  Whence  it  follows,  that  when  Mars 
is  retrograde,  he  ought  to  appear  to  move  through  a 
bigger  Arch  of  the  Heavens  than  Jupiter ,  and  Jupiter 
through  a  bigger  than  Saturn . 

8.  According  to  this  Hypothecs  ;  when  the  Earth  is  8 .Wbythep 
betwixt  the  Sun  and  one  of  thefe  Planets,  we  are  nearer  Planets  ap , 
it  by  the  whole  Length  of  the  Diameter  of  the  Earth’s 

annual  Orbit,  than  when  the  Sun  is  between  this  Planet  are  retro- 
and  us,  and  therefore  the  Planet  ought  to  appear  bigger  ;  Zra&>  and 
now  this  happens  at  the  Time  of  its  Retrogradation  ;  it 
is  evident  therefore,  that  the  apparent  Bignefs  of  a  Planet  Bignefs  in - 
when  it  is  retrograde,  ought  to  exceed  its  apparent  Big-  Creafes 
nefs  when  it  is  dire<5L  And  becaufe  the  Length  of  this 
Diameter  by  which  we  are  nearer  to  Mars ,  bears  a 
greater  Proportion  to  that  Diftance  which  we  v/ere  from 
him  before  j  than  the  fame  Diameter,  by  whofe  Length 
we  are  nearer  Jupiter  alfo,  does  to  the  Diftance  we 
were  from  Jupiter ;  it  follows,  that  the  Increafe  of  the 
apparent  Bignefs  of  Mars ,  ought  to  be  greater  than  the 
Increafe  of  the  apparent  Bignefs  of  Jupiter:  And  be¬ 
caufe  our  Approach  to  Saturn  is  fcarce  perceivable , 
becaufe  of  his  great  Diftance ;  therefore  his  apparent 
Bignefs  is  hardly  at  all  inereafed,  when  he  becomes  re¬ 
trograde. 
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C  H  A  P.  XXII. 

An  Explication  of  the  Moo  As  Motion. 

H  E  Eclipfes  of  the  Moon  and  of  the  Sun  ;  the 
apparent  JBignefs  of  the  Moon,  the  Strength  of  its 
Light,  and  its  Parallax,  do  all  fhew,  that  the  Moon  is 
not  very  far  diftant  from  us  :  Wherefore  it  is  natural  to 
think,'  that  it  is  contained  in  (1)  that  fmall  Vortex,  in 
the  Middle  of  which  the  Earth  is  placed. 

2.  And  becaufe  the  Matter  of  this  Vortex  is  turned 
about  its  Center  from  Weft  to  Eaft,  it  muft  carry  the 
Moon  along  with  it  in  that  Manner  about  the  Earth  : 
But  fince  the  Circle  deferibed  by  the  Moon,  is  much 
larger  than  the  Globe  of  the  Earth  ;  it  is  reafonable  to 
think,  that  if  the  Earth  makes  a  Revolution  of  twenty- 
four  Hours,  the  Moon  cannot  make  one  in  lefs  than  a 
Month. 

3.  This  Length  of  Time  which  the  Moon  takes  up 
in  revolving  about  the  Earth,  is  the  Reafon  why  fhe 
appears  to  make  almoft  an  entire  Revolution  from  Eaft 
to  Weft  every  Day,  whilft  the  Earth  revolves  about  its 
Center  in  the  fame  Time  from  Weft  to  Eaft  :  But  this 
does  not  hinder,  but  that  in  a  Month’s  Time  or  there¬ 
abouts,  the  Moon  may  run  through  all  the  Signs  of  the 
Zodiack  from  Weft  to  Eaft. 

4.  We  muft  take  notice  here,  that  the  Vortex  in 
which  the  Moon  is  carried,  and  in  whofe  Center  the 
Earth  is  placed,  being  comprefted  between  the  Heavens 
of  Venus  and  Mars ,  is  not  exactly  round,  but  of  an  oval 
Figure;  the  lefler  Diameter  of  which,  if  continued, 
would  pafs  through  the  Center  of  thofe  Heavens,  that 
is,  through  the  Sun  :  This  being  fo,  the  fluid  Matter 
of  this  fmall  Vortex,  which  runs  round  the  Earth,  muft 
neceflarily  move  quicker  in  thofe  Places  where  the 
Paftage  is  {freighter  than  in  thofe  Places  where  it  is 
larger:  Wherefore  the  Moon,  which  is  carried  in  this 
Matter,  being  in  the  ftreighteft  Places,  at  the  Times  of 
its  Conjunctions  and  Oppofitions,  its  Motion  towards 
the  Eaft,  ought  to  be  more  fenlible  at  thofe  Times, 
than  at  any  other. 

(:)  That  fm ill  Vortex,  See )  See  tie  Notes  on  Chap,  xxv<  Art.  zz. 

;  ■  5.  The 
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5.  The  Figure  of  the  Moon’s  Path,  which  is  that  of  5 .Why  the 
an  Oval,  hinders  it  from  being  ( 1 )  fo  far  diftant  from  Vj°on  /J  ** 
the  Earth,  at  its  Conjunctions  and  Oppofitions,  as  at  its  1  El™ gal  ion 
Quadratures.  And  hence  it  is,  that  about  the  Time  of in  tke  0“*- 
the  Conjunctions  and  Oppofitions,  the  Moon’s  Diameter  dratures' 
ought  to  appear  largeft. 

6.  If  the  Motion  of  the  Matter  of  a  fmall  Vortex  6*  Why  the 
in  which  the  Moon  is  carried,  were  to  accommodate  Moondoes 
it  felf  to  the  Earth’s  Motion  only,  then  the  Moon  would  ZweTxa&ly 
appear  to  move  from  Weft  to  Eaft  under  the  Equator  .  under  the 
and  on  the  other  Hand,  if  the  Motion  of  this  Matter,  Echt>tHk' 
accommodated  it  felf  to  the  Motion  of  the  great  Vor¬ 
tex  about  the  Sun  only  ;  then  the  Moon  would  appear 

to  move  always  under  the  Ecliptick  ;  but  being  to  ac¬ 
commodate  it  felf  to  both  thefe  Motions,  it  follows, 
that  the  Moon  can  neither  be  carried  under  the  Equa¬ 
tor,  nor  under  the  Ecliptick,  but  in  a  third  Circle,  which 
approaches  nearer  the  Ecliptick  than  the  Equator,  be- 
caufe  the  Moon  is  nearer  the  Sun’s  Vortex,  than  fhe  is 
the  Globe  of  the  Earth. 

7.  The  different  Phafes  in  which  the  Moon  appears  at  7.  That  the 

different  Times,  and  the  Eclipfes  of  the  Sun,  are  ex-  differtnt 
plained  in  the  fame  manner  in  this,  as  in  the  foregoing 
Hypothecs.  .  explain'd. 

8.  Though  according  to  this  Hypothecs,  it  is  eafy  to  the  Samt. 
imagine  a  Compofition  of  the  whole  Heavens  ;  yet  I  ^hh^Uypo- 

thought  it  proper  to  reprefent  them  in  the  following  as  in 

Figure.  the  foregoing. 

one . 

Tab.  XIII. 

(1)  So  far  diftant  from  the  Earth,  much  alters  this  Matter-  See  Tac-  Fig.  2. 

&c.)  it  is  to  be  obferved  however,  quet'%  AJlron.  Eoik  H.  Chap .  it, 
that  the  Moon  has  two  Ferigeeums  A!umh.  l6. 

And  two  Apogaums,  which  very 
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fers  from 
that  of  Co¬ 
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CHAP.  XXIII. 

Of  the  Syftem  of  Tycho-Brahe. 

BESIDES  the  two  Syftems  of  the  World  which 
were  publifhed  by  Ptolemy  and  Copernicus ,  Tycho- 
Brahe  invented  a  third,  which  has  fomething  in  it  com¬ 
mon  to  the  other  Two  :  For  as  to  the  Portion  of  the 
Parts  of  the  Univerfe,  Tycho  agrees  with  Copernicus , 
except  only  in  this  particular,  that  he  makes  the  Earth 
the  Center  of  the  fixed  Stars. 

2.  And  in  order  to  explain  the  Motion  of  the  Hea¬ 
vens,  and  firft,  the  apparent  Motion  of  the  whole  Hea¬ 
vens,  which  they  feem  to  complete  in  twenty-four 
Hours,  Tycho  was  of  the  fame  Opinion  with  Ptolemy , 
viz.  that  the  Earth  is  at  reft  in  the  Center  of  the  World, 
and  that  the  whole  Machine  of  the  Heavens  is  turned 
about  it  from  Eaft  to  Weft  in  the  Space  of  a  Day,  by 
the  Action  of  the  Primum  Mobile. 

3.  He  alfo  explains  the  particular  apparent  Motion  of 
the  fixed  Stars  in  the  fame  manner  as  Ptole7ny  and  his 
Followers  did. 

4.  But  in  order  to  account  for  the  apparent  Motion 
of  the  Planets,  we  may  affirm,  that  he  entirely  agrees 
with  Copernicus ,  that  is,  he  fuppofes  Mercury ,  Venus , 
Mars,  Jupiter ,  and  Saturn ,  to  revolve  about  the  Sun, 
and  the  Moon  about  the  Earth,  in  the  Times  mentioned 
by  Copernicus.  He  only  adds  further  of  his  own ;  that  the 
Sun  revolves  about  the  Earth  from  Weft  to  Eaft,  and 
carries  along  with  it,  that  huge  Mafs,  of  which  it  is  th$ 
Center,  confiding  of  all  the  Heavens  of  the  Planets, 
whole  and  entire,  and  always  parallel  to  it  felf ;  in  fuch 
a  manner,  that  the  Earth,  being  always  at  an  equal . Di¬ 
stance  from  the  feveral  Parts  of  the  Starry  Heaven,  is  to 
be  found  fucceffively  in  all  the  Places  contained  between 
the  Heavens  of  Venus  and  Mars,  to-  which  Copernicus 
fuppofes  it  applied  in  the  Space  of  a  Year. 

5.  So  that  all  the  Difference  that  there  is  betwixt  the 
Opinion  of  Copernicus  and  Tycho  with  refpedt  to  the 
Earth,  compared  with  the  fluid  Matter  ot  the  \Vond 
through  which  it  moves,  or  which  moves  by  the  Sides  of 
it,  confifts  in  this  ;  That  Copernicus  fpeaks  of  the  Moti¬ 
on  of  the  Earth,  as  a  Man  would  do,  who  was  going  to 
explain  how  he  got  from  Paris  to  Orleans ,  viz,  by  pomt- 
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ing  oat  the  Way,  and  faying,  that  he  was  carried  along 
in  it  by  the  Motion  of  a  Coach  and  Horfes  9  whereas 
Tycho  in  fpeaking  of  it,  would  do  like  another  Man, 
who,  having  been  in  a  Coach  from  Paris  to  Orleans , 
the  fame  Way  ;  would  not  acknowledge,  that  either  the 
Coach  or  Horfes  moved  at  all,  but  affirms,  that  the  Way 
is  moved,  and  the  Wheels  of  the  Coach  only  turned 
about  their  own  Axes,  and  the  Horfes  only  lifted  up  their 
Legs,  in  order  to  let  the  Way  dip  under  them,  and  that 
they  might  not  be  carried  along  with  it. 

6.  They  who  are  well  acquainted  with  the  Hypothefls  e.  Tbattbt 
of  Ptole?ny  and  Copernicus ,  will  find  no  great  Difficulty  Hypothecs 
in  obferving  how  this  agrees  with  the  Phenomena ,  but  °{xJi^ns°all 
will  fee,  that  it  very  well  explains  the  Directions,  Sta-  tbePbano. 
tions,  and  Retrogradations  of  the  Planets.  mena  very 

•well* 


CHAP.  XXIV. 


Reflexions  upon  the  Hypothefes  of  Ptolemy,  Coper¬ 
nicus,  and  Tycho. 

WE  have  no  Reafon  to  think,  that  the  Structure  of  1  .Tbit there 
the  World  is  fuch,  as  w7e  have  no  Idea  of ;  becaufe  fbeft 
in  Things  merely  natural,  we  can  always  judge  of  them  three  Hypo - 
according  to  the  Ideas  and  Notions  which  we  have  of  thrfes  the 
them.  But  becaufe  we  have  here  propofed  three  Notions  trueone * 
of  the  fame  Thing,  one  of  which  only  can  be  the  true 
one,  we  mult  neceffiarily  rejeCt  two  of  them  as  falfe,  and 
retain  the  other  as  the  only  true  one. 

2.  In  order  to  choofe  which  of  thefe  Opinions  we  2-  ta 
ffiould  be  of,  we  muft  throughly  confider  the  Hypothefes 
of  Ptolemy ,  Copernicus ,  and  Tycho ,  and  compare  them  theft  Hypo. 
exaCtiy  with  each  other  ;  for  if  we  find  any  one  of  them  theSeim 
to  contain  any  Thing  contrary  to  Experience  or  Reafon, 
we  ought  not  to  make  any  Difficulty  in  rejecting  it, 
in  order  to  our  embracing  that  only,  in  which  there  are 
no  fuch  Repugnancies  ;  And  if  there  be  no  fuch  Repug¬ 
nancies  in  any  of  the  three,  yet  we  ought  always  to  fix 
upon  that,  which  is  the  moll  fimple,  and  has  the  feweft 
Suppofitions  ;  becaufe  the  moie  the  Phaenomena  are, 
which  can  be  explained  by  it,  without  making  any  new 
Suppofitions,  the  moie  the  Proofs  are  that  it  is  true. 

^  The 
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Reajon  why 
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6.  The  fourth 
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•j.  Tb  it 
Gravity 
does  not  bin - 
der  the  &  0  rt  b 
from  being 
earned  a- 
bout  by  the 
Primam 
Mo&ile. 


3.  The  Hypothecs  of  Ptolemy ,  as  was  before  obferved, 
is  contrary  to  Experience,  with  relation  to  the  different 
Phafes  of  Venus  and  Mercury, 

4.  It  is  alfo  contrary  to  Reafon,  becaufe  it  allows  of 
Librations  in  the  Chyftalline  Heavens  ;  for  this  is  to 
admit  of  a  great  Alteration,  in  order  to  explain  a  fmall 
one  :  Thus  a  Body  which  moves  on  always  the  fame 
Way,  though  with  unequal  Velocity,  does  not  under¬ 
go  fo  much  Alteration,  as  a  Body  which,  having  begun 
to  move  one  W ay,  moves  all  at  once  the  oppofite  W ay. 
To  which  may  be  added  ;  that  the  Libration  which  is 
introduced  in  order  to  explain  the  unequal  Motion  of  the 
fixed  Stars,  is  not  fufficient  for  that  Purpofe  ;  for  Aftro- 
nomers  do  very  often  find  that  their  Calculations  do  not 
agree  with  the  Phaenomena. 

5.  It  ought  alfo  to  be  reje&ed,  becaufe  of  the  great 
Number  of  particular  Suppositions,  which  it  contains, 
and  which  are  made  upon  all  Occafions,  in  order  to 
explain  any  new  Phaenomenon  ;  fo  that  nothing  can  be 
deduced  from  the  firft  Supposition,,  that  will  explain  any 
new  T hing,  and  which  confequerttly  fhould  be  taken  for 
a  Confirmation  of  the  Hypothefis. 

6.  Further,  fince  he  afcribes  to  the  Primum  Mobile , 
a  Power  of  carrying  along  with  it  from  Eaft  to  Weft, 
all  the  Heavens  which  are  contained  in  it  ;  we  cannot 
conceive  any  Reafon  why  it  fhould  not  carry  the  Earth 
along  with  it  alfo ;  and  that  fo  much  the  rather,  becaufe 
the  Defenders  of  this  Hypothefis ,  fuppofe  it  to  be  an 
una&ive  Mafs,  and  are  diredfly  again  ft  allowing  it  any 
particular  Motion,  by  which  it  might  advance  as  much 
from  Weft  to  Eaft,  as  the  Primum  Mobile  would  carry 
it  from  Eaft  to  Weft  ;  which  is  however  the  only  Thing 
that  they  themfelves  make  ufe  of,  when  they  would 
fhew  why  the  Starry  Heaven  and  the  Heavens  of  the 
Planets,  do  not  finifh  their  Revolutions  in  the  fame  Time 
as  the  Primum  Mobile  does  his. 

7.  I  know7  that  it  is  ufual  to  fay,  that  the  Gravity  of 
the  Earth,  hinders  it  from  being  moved  by  the  Hea¬ 
vens  which  incompafs  it  ;  but  I  know  alfo  that  this 
Reafon  is  not  a  true  one  :  For,  all  that  Experience 
teaches  us,  is  ;  that  Gravity  is  a  Quality  by  which  ter- 
reftial  Bodies  tend  to  the  Center  of  the  Earth,  and  tend 
likewife  in  the  fame  manner  to  unite  with  each  other  : 
Now  it  feems  as  ahfurd  to  apply  this  Gravity  to  the 
hind  ring  the  Earth’s  Motion  ;  as  it  would  be  to  affirm, 
that  a  Number  of  Perfons  who  are  in  a  Boat  that  turns 

round. 
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round,  might  hinder  themfelves  from  being  turned  about, 
by  clafping  each  other,  and  faftning  themfelves  together 
as  clofe  as  they  could. 

8.  That  the  Hypothefts  of  Ptolemy  cannot  be  the  true  8-  That 

one,  is  moft  evident  from  hence  ;  that  the  Philofophers  ^ 

of  the  feveral  Ages  fince  him,  have  not  been  able  to  the/ii  of 
find  out  the  Reafon  of  two  forts  of  Motions  very  con-  PtoJemy> 
fiderable,  and  which  they  themfelves  own  to  be  of  very  ”*/,  «Vl*- 
great  Importance:  The  firft  of  thefe,  is  that  Motion  vity,  nor  the 
by  which  heavy  Things  defcend  downwards,  and  light  FjjfJu  an*. 
Things  afcend  upwards,  that  is,  they  have  not  yet  been  tbeS*a  °Ln 
able  to  fhew,  what  Gravity  and  Levity  confift  in  :  be  explained. 
The  other  is  that  Motion  by  which  the  Waters  of  the 

Sea  rife  and  fall  twice  every  Day  at  certain  regular 
Hours,  which  is  what  we  call  the  Flux  and  Reflux  of 
the  Sea. 

9.  We  have  as  much  Reafon  to  reject  the  Hypothefts  That  the 
of  "Tycho  as  that  of  Ptolemy  ;  for  the  Defers  are  much  ^fTyc^h 
the  fame  in  them  both  :  We  may  indeed  affirm,  that  L  if  de- 
there  are  fewer  Suppofitions  in  it  to  explain  the  Motions  A#''1'* than 
of  the  Planets  by,  and  that  it  accounts  very  well  for  the  ^  Pco" 
apparent  Phafes  of  Venus  ;  but  it  muft  be  owned,  that 

there  is  one  Thing  very  fhocking  in  it,  and  which  can  by 
no  Means  be  reconciled  with  Reafon,  viz.  when  it  fup- 
pofes  that  Motion,  by  which  the  whole  Mafs  of  which 
the  Heavens  of  the  Planets  is  compofed,  is  carried  thro* 
the  whole  Firmament.  For  though  we  fhould  fuppofe 
the  Author  of  Nature,  to  have  impreffed  this  Motion 
upon  it  at  the  Beginning  ;  yet  we  muft  acknowledge, 
that  according  to  the  Laws  of  Nature,  which  he  him- 
felf  has  eftablilhed,  and  by  which  we  fee  all  Things  are 
governed,  this  Motion  muff  gradually  diminifti  and  quite 
ceafe  at  laft  ;  becaufe,  according  to  the  fame  Laws,  it 
muft  be  communicated  to  the  coeleftial  Matter,  which 
that  Mafs  to  which  Tycho  afcribes  this  Motion,  continu¬ 
ally  turns  out  of  its  Place. 

10.  The  Hypothefts  of  Copernicus ,  is,  without  Doubt,  i®.7hattbe 
the  moft  fimpie  of  the  Three  :  For  he  makes'  no  more 
Suppofitions,  than  thofe  few  which  are  neceflary  to  ex- 

plain  the  apparent  Motion  of  the  Sun  and  fixed  Stars  j  pnbable. 
and  all  the  Phenomena  of  the  Planets,  which  he  ex¬ 
plains  afterwards,  and  efpecially,  the  Directions,  Stations, 
and  Retrogadations,  of  Mars ,  Jupiter ,  and  Saturn ,  are 
fo  many  Proofs  to  confirm  his  Hypothefts ,  and  to  induce 
us  to  believe  that  he  has  hit  upon  th§  Truth. 
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II.  A  Con - 
firmation  of 
the  Hypo- 
tbefit  of  Co¬ 
pernicus. 


li.  That 
this  Hypo- 
thefs  does 
not  really 
ajcnbe  any 
Motion  to 
(be  Earth • 


'That the 
Objections 
made  againji 
the  Hypo- 
tbefis  of  Co- 
jjernicus,  are 
of  no  Force . 


RO  H  AULT'S  System  Part  IL 

li.lt  is  a  ftill  greater  Confirmation  hereof,  if  we  con- 
fider,  that  as  there  is  but  one  Sun  to  illuminate  the  Earth 
and  Planets,  and  that  the  Planets  fhine  by  that  foreign 
Light  which  they  borrow  from  it ;  it  is  very  probable, 
that  the  Earth  alfo  receives  her  Light  in  the  fame  man¬ 
ner  as  the  Planets  do  :  For,  there  is  no  doubt  at  all  but 
that  they  receive  theirs  by  revolving  about  the  Sun,  and, 
as  we  have  good  Reafon  to  think,  by  turning  about  their 
own  Centers  likewife  ;  (for  we  are  allured  of  this  by  Ob- 
fervation  in  Mars ,  Jupiter ,  and  Saturn ;)  which  being 
fo,  it  is  highly  probable,  that  the  Earth  revolves  in  the 
fame  manner  that  Copernicus  fuppofes. 

12.  Now  there  is  this  peculiar  Advantage  in  this  Hy- 
potheftSy  that  it  will  fatisfy  not  only  all  reafonable  Per- 
fons,  but  even  thofe  that  are  very  lcrupulous  ;  by  allow¬ 
ing  to  the  former  the  Liberty  of  thinking  as  they  pleafe, 
and  of  giving  what  Name  they  judge  proper  to  thatTranf- 
lation  which  the  Earth  makes  ;  and  by  fhewing  to  the 
latter,  who  can  by  no  Means  agree,  that  any  Motion 
at  all  fhould  be  afcribed  to  the  Earth,  that  they  need  not 
be  in  the  leaft  furprifed  at  this  Hypothefis  on  that  Account, 
becaufe  it  is  indeed  but  very  improperly,  that  any  Mo¬ 
tion  is  afcribed  to  it.  For  if  it  be  rightly  underftood  (i) 
that  the  Motion  is  nothing  elfe  but  the  fuccejjive  Appli¬ 
cation  of  the  Superficies  of  any  Body ,  to  the  different 
Parts  of  the  Bodies  which  J'urround  it ,  and  immediately 
touch  it  y  we  {hall  fee,  that  what  we  call  the  diurnal 
Motion  of  the  Earth,  belongs  rather  to  the  whole  Mafs 
compofed  of  Earth,  Seas  and  Air,  than  to  the  Earth  in 
particular  ;  which  ought  to  be  looked  upon  as  at  per¬ 
fect  reft,  fo  long  at  it  is  carried  by  the  Torrent  of  Mat¬ 
ter  in  which  it  fwims ;  in  the  fame  manner  as  we  fay, 
that  a  Man  who  is  afleep  in  a  Ship,  is  at  reft,  though 
the  Ship  really  is  in  Motion.  So  likewife  will  it  appear, 
that  the  Motion  which  we  commonly  call  the  annual 
Motion  of  the  Earth,  does  not  at  all  belong  to  it,  nor 
to  the  Mafs  compofed  of  Earth,  Water  and  Air,  but 
to  the  cceleftial  Matter,  which  carries  this  whole  Mafs 
about  the  Sun. 

13.  As  to  the  Obje<5tions  which  are  ufually  made 
againft  this  Hypothefis ,  as  for  Example,  that  it  would 
from  thence  follow,  that  a  Stone  let  fall  in  the  Air 
from  a  very  high  Place,  would  not  fall  upon  that  Place 
on  the  Earth  which  anfwered  perpendicularly  to  it  when 

(r)  That  Motion  is  notb  ng  e’fe,  See )  How  weak  this  is,  may  be  feen  in 
the  Notes  on  Fart  I,  Ciab  u  Art,  3, 
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it  was  let  go,  but  upon  another  Place  to  the  Weft  of 
that ;  becaufe  whilft  it  is  defcending,  the  Earth  is  moved 
towards  the  Eaft,  and  fuch  like  Objedtions  ;  they  cannot 
be  propofed,  but  by  fuch  as  have  not  been  at  the  Pains 
to  think  ferioufty  upon  the  different  Circumftances  of 
Motion  :  For,  whoever  has  in  the  leaft  confidered  this 
Matter,  will  eafily  fee,  that  according  to  the  great  Law 
of  Nature,  viz.  that  all  Bodies  will  continue  as  much 
as  they  can ,  in  that  State  in  which  they  once  are',  all 
the  terreftrial  Bodies,  which  have  for  fo  long  Time  turned 
with  the  Earth  from  Weft  to  Eaft,  muft  have  the  fame 
Tendency  to  move  that  Way,  as  the  Earth  it  felf  has  ; 
confequently  (1)  a  Stone  let  fall  from  a  very  high  Place, 
cannot  defcend  without  moving  forwards  exadfly  as 
much  as  the  Earth  does  ;  whence  it  muft  neceffarily  fall 
upon  the  Place  which  correfponded  to  it  perpendicularly 
when  it  was  let  go ;  and  where  we  fee  by  Experience, 
that  it  does  fall.  Nor  ought  we  to  think,  that  the  Air, 
unlefs  moved  by  any  external  Caufe,  fuch  as  the  Wind, 
will  at  all  alter  the  Line  in  which  the  Stone  has  a  Ten¬ 
dency  to  defcend  in  ;  for  the  Air  it  felf  moves  towards 
the  Eaft,  in  the  fame  manner  as  the  Earth  does,  but  it 
ought  to  move  either  quicker  or  flower  than  the  Earth, 
if  it  were  to  accelerate  or  retard  the  Stone’s  Motion. 

14.  After  thefe  Explanations,  (2)  we  (hall  make  noH-^w? 
Difficulty  of  joining  with  one  Party,  and  declaring  for 
the  Hypothecs  which  is  commonly  called  Copernicus's  ;  Copernicus' 
fo  that  when  we  mention  our  Hypothefis  hereafter,  we  preferable  to 
are  to  be  underftood  to  mean  this,  which  in  all  our 
Philofophy  we  {hall  fuppofe  to  be  the  true  one. 


(1)  A  Stone  let  fall  from  a  very 
high  Place ,  &c.)  See  the  Notes  on 
Parti,  Cbap.x iv.  Art.  3. 

(2)  We  /hall  make  no  Difficulty, 
&c.)  You  will  find  a  very  ingenious 


Argument,  for  the  Hypothefis  of 
Copernicus  above  all  the  reft,  draw» 
from  the  Diftance  of  the  fixed  Stars, 
below  in  the  Notes  upon  Chap.  xxv. 
Art.  3. 
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CHAP.  XXV. 


Of  the  Nature  of  the  Stars . 


I .  Tib  at  the 
Sun  Jhine s 
by  iti  own 
Light • 


]SJ  O  Body  doubts,  but  that  the  Sun  fhines  by  its 
own  Light,  for  we  do  not  fee  any  where  in  the 
World  a  more  luminous  Body  for  it  to  borrow  its  Light 
from. 


2.  That  the  2.  What  was  before  obferved,  concerning  the  Moon 

fbiZ^ytTe' Venus'  ^ews  us,  that  thefe  Planets  fhine  by  the 
Light  which  Light  which  they  receive  from  the  Sun  ;  and  fince  the 
they  receive  other  Planets  do  not  appear  to  have  any  more  Light  of 
frcm^  the  their  own  than  Venus ;  and  fince  they  all  revolve  about 
the  Sun,  as  Venus  and  the  Earth  do,  (which  looks  like 
fome  fort  of  Dependence  upon  it)  it  is  natural  to  con¬ 
clude,  that  they  alfo,  like  the  other,  fhine  by  that  Light 
only  which  they  receive  from  the  Sun. 

3*  That  the  3.  The  fixed  Stars  fhine  a  great  deal  brighter  than  the 

^jhine  by  their  ^anets>  wkence  we  conclude,  that  they  fhine  by  their 
own  Light.  own  Light  as  the  Sun  does.  And  indeed  they  are  (i)  at 
fo  great  a  Diftance  from  the  Sun,  that  we  are  fure  they 
could  not  be  feen  at  all,  if  they  borrowed  their  Light 
from  him,  any  more  than  we  can  fee  the  Satellites  of 
Jupiter ,  and  the  fmall  Star  about  Saturn ,  without  good 
Telefcopes. 

4.  This 


(1)  At  fo  great  a  Diftance  from 
the  Sun,  &c.)  That  the  fixed  Stars 
are  at  an  immenfe  and  inconceivable 
Diftance  from  us,  may  eafijy  be  col- 
lefted  from  hence  ;  that  though  by 
the  Earth’s  annual  Motion,  we  are 
nearer  them  by  the  whole  Length 
of  the  Diameter  of  the  magnus 
Orbis ,  yet  their  Situation  or  Magni¬ 
tude  (which  indeed  is  but  like  a 
Point-  See  the  Notes  on  Chap,  xxxii. 
Art.  26.  of  this  Part.)  is  not  in  the 
lea  ft  altered.  And  indeed  it  cannot 
be  determin’d  how  great  this  D  fiance 
is  ;  becaufe  there  is  no  Pa>allax  nor 
any  other  Meth  d,  whereby  it.  can 
certainly  be  found  out.  Mr.  Hugens 
thought  of  a  very  ingenious  Way  of 
making  a  Conjecture  about  it  in  his 
Conjectures  concerning  the  Planetary 
Worlds,  Book][.  pag,  125. 

Tbojtf  fays  he,  that  have  hitherto 


undertook  to  calculate  their  Diflonce, 
have  not  been  able  perfedly  to  compafs 
their  Dejign ,  by  reafon  of  the  extreme 
JNicenefs ,  and  almoji  ImpoffibLity  of 
the  Obfervations  requijite  for  their 
PurpoJe.  The  only  Method  that  / fee 
remaining  to  comeat  any  tolerablePro- 
bability  in  fo  difficult  a  Cafe,  I  /hall 
here  make  ufe  of  Seeing  then  that  the 
Stars ,  as  I faid  bef  ore ,  are  fo  many 
Suns,  if  we  do  but  fuppofe  one  of  them 
equal  to  ours ,  it  will  follow,  that  its 
Diftance  from  us,  is  as  much  greater 
than  that  of  the  Sun,  as  its  appa¬ 
rent  Diameter  is  lefs  than  the  Dia- 
m.trr  of  the  Sun.  But  the  Stars , 
even  tbofe  nf  the  firfl  Magnitude, 
though  viewed  through  a  le  If  cope 
are  fo  very  fmall,  that  they  feem  only 
like  fo  many  faming  Pomts,  without 
any  perceivable  Breadth ,  fo  that 

fucb 
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4.  This  being  fo,  it  is  reafonable  to  think  that  the  fixed  +• 

Stars  are  fo  many  Suns,  placed  in  different  Parts,  of  the-  diffenTnl- 

World  \  thing  from 

the 


fucb  Obfervations  can  here  do  us  no 
good.  When  I  faw  this  would  not 
fucceed ,  I  Jiudied  by  wbat  Way  I 
could fo  leffen  the  Diameter  of  the  Sun, 
as  to  make  it  not  appear  larger  than 
the  Dog,  or  any  other  of  the  chief 
Stars  To  this  purpofe  I  clofed  one 
End  of  my  twelve  Foot  tube  with  a 
very  thin  Plate,  in  the  Middle  of 
which  I  made  a  Hole  not  exceeding 
the  twelfth  Part  of  a  Line ,  that  is, 
the  Hundred  and  forty  fouitb  Part  of 
an  Inch.  That  End  I  turned  to  the 
Sun,  placing  my  Eye  at  the  other, 
and  l  could  fee  fo  much  of  the  Sun, 
as  was  in  Diameter  about  the  182 d 
Part  of  the  Whole.  But  fill  that 
little  Piece  of  him  was  brighter  much 
than  the  Dog-Star  is  in  the  clearef 
Plight.  I  faw  that  this  would  not 
do,  but  that  I  mufi  leffen  the  Diame¬ 
ter  of  the  Sun  a  great  deal  more.  I 
made  tbenfucb  another  Hole  in  a  Plate, 
and  againfi  it  I  placed  a  little  round 
Glafs  that  I  bad  made  ufe  of  in  my 
Microfcopes ,  of  much  about  the  fame 
Diameter  with  the  former  Hole.  Then 
looking  again  towards  the  Sun,  (  ta¬ 
king  care  that  no  Light  might  come 
near  my  Eye  to  hinder  my  Observa¬ 
tion"^  I  fund  it  appear  of  much  the 
fame  Clearnefs  as  Sitius.  But  com¬ 
puting  according  to  the  Rules  of  Di- 
optricks,  I  found  his  Diameter  now 
was  but _ Impart  of  that  hundred 

and  eighty  fecond  Part  of  his  whole 
Diameter  that  I  faw  thorough  the 
former  Hole.  Multiplying  .  £  _  and 

_  *  —  into  one  another ,  the  Produtil 
>  s  1 

I  fund  to  be  The  Sun 

therefore  being  Contracted  into  futh  a 
Compafs,  or  being  removed  fo  far  from 
us  ( for  it's  the  fame  thing )  as  to 
make  bis  Diameter  but  the  27664 th 
Part  of  that  we  every  Day  fee,  will 
fend  us  jufi  the  fame  Light  as  the 
Dog-Star  now  doth.  And  bis  Di- 
fiance  then  from  us  will  be  to  bis 
prefent  Difiance  undoubtedly  a J  27664 
is  to  1  •  and  bis  Diameter  little  a- 
bove  four  Thirds  fc.  Seeing  then 
Sirius  is  Juppofed  equal  to  the  Sun,  it 
follows  that  his  Diameter  is  likewife 
4.",  and  that  his  Difiance  to  the 
Difiance  of  the  Sun  from  us  is  as 
27664  tv  1.  And  what  an  mere  - 
VOL,  II, 


dible  Difiance  th  it  is,  will  appear  by 
the  fame  Way  of  Reajoning  that  we 
ufed  in  meafur-ng  that  of  the  Sun . 
For  if  twenty  five  Tears  are  required , 
for  a  Bullet  out  of  a  Cannon ,  with 
its  utmofi  Swift  ref ,  to  travel  from 
the  Sunto  us,  then  by  multiplying  the 
Number  27664  into  25,  we  (hall 
find  that  fuch  a  Bullet  would fpend 
almofi  feven  hundred  tboufar.d  T  ars, 
in  its  Journey  between  us  and  the 
nearefi  of  the  fixed  Stare  And  yet 
when  in  a  clear  Night  we  look  upon 
them,  vae.  cannot  think  tocm  above 
fome  few  Miles  over  our  Heads » 
What  1  have  here  inquired  into  is 
concerning  the  nearefi  of  them.  Fir 
the  other  ;  (ince,  as  was  before  ob- 
ferved,  they  are  fo  much  farther  re¬ 
moved  into  the  Heavens,  that  the 
Difiance  of  the  nearefi  from  the  fol¬ 
lowing  ones,  is  as  great  as  the  Di¬ 
fiance  of  thofe  from  the  Sun,  what 
an  immenfity  mud  .there  fiiU  remain. 
—  ....  When  I  have  been  reflecting  thus 
With  my  felf,  I  thought  all  our  A- 
rithmetick  was  nothing ,  and  that  ws 
are  verfrd  but  in  the  very  Rudiments 
of  Numbers  in  Comparifon  of  this 
great  Sum..  This  is  :ndecd  a  very 
ingenious  Conjecture  of  Mr.  Hugetis. 
But  our  Flamflead  has  at  Jaffc  found, 
by  wonderful  diligent  Observations, 
that  the  fixed  Stars  have  an  annual 
Parallax,  which  is  a  compleat  De- 
monftration  of  the  Motion  of  the 
E>rth.  And  that  this  Parallax  is 
about  30". 

But  the  following  Particulars, 
which  are  worth  Obferva 1  i  n,  aie  fo 
many  Coafequencfs  of  the  vaft  Di- 
fiance  of  the  fixed  Stars. 

Firfl,  If  we  were  to  approach 
ninety  nine  Times  nearer  to  the 
fixed  Stars  than  we  now  are,  fothat 
we  were  dlftant  from  them  but  a 
hundredth  Part  of  the  prefect  Di- 
fiance,  vve  fhould  fee  them  but  a 
very  little  bigger  than  we  do  now  ; 
for  they  would  appear  no  bigger  nor 
no  otherwiie  than  they  do  now , 
when  looked  at  with  a  Telelcope 
which  magnifies  the  Object  a  hun¬ 
dred  Times. 

Secondly ,  Nine  Parts  at  leafi  in 
Ten  of  taat  whole  Spsce  which  is 
betwixt  us  and  th<i  fixed  Stars,  re- 
E  ceive 
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5.  Wbat  the 
Body  of  the 
Sun  is. 
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World  :  In  order  therefore  to  explain  the  Nature  and 
Properties  of  them,  I  fhall  fatisfy  my  felf,  by  explaining 
here  the  Nature  and  Properties  of  the  Sun,  and  the  Ex¬ 
plication  of  the  one  may  ferve  for  the  Explication  of  the 
other. 

5  .  We  have  already  feen,  that  that  Part  of  the  World 
in  the  Center  of  which  the  Sun  is  placed,  and  which 
reaches  every  way  a  great  deal  beyond  Saturn,  ( 1 )  is  a  cer¬ 
tain  Vortex;  the  Matter  of  which,  except  the  Earth  and 
Planets,  is  very  liquid  and  transparent.  To  which  we  may 
add,  that  all  this  vaft  Extent  of  Matter,  is  compofed  of  that 
of  the  firft  and  fecond  Element  only, .  and  that  it  contains 
a  great  deal  more  of  the  firft  Element  than  is  neceflary  to 
fill  up  all  the  Interftices  that  there  muft  be  between  the 


ceive  no  more  Light  either  from  the 
Sun  or  from  any  of  the  fixed  Stars, 
than  we  do  from  the  Stars  in  a  clear 

Night. 

Thirdly,  Light  (becaufe,  as  was 
/hewn  above  in  the  Notes  on  Part  I. 
Chaf.  27.  Art.  30.  it  is  propagated 
from  the  Sun  to  the  Earth  in  about 
leven  Minutes  of  Time)  cannot  come 
from  the  fixed  Stars  to  us  in  Jefs 
than  forty  Days  time  at  the  Jeaft  ; 
and  Sound  could'  not  come  from 
thence  to  us  in  lefs  Time  than  fifty 
thoufand  Years  ;  and  a  Ball  /hot  out 
of  a  Cannon,  would  take  up  much 
longer  Time  /till.  Seethe  Philofpbi- 
cal  Tranfaftions,  No-  209. 

And  from  hence  the  famous  Mr. 
JVhiJlon  draws  a  very  Ingenious  Ar¬ 
gument,  which  overthrows  both  the 
Ptolemaick  and  Tychonick  Syftems 
of  the  World  :  <  If,  fays  be,  there 

*  beany  Difference  in  the  Diftances 

<  of  the  fixed  Stars  from  us,and  none 

*  of  the  Ptolemaick  Aftronomers 

*  have  ventured  peremptorily  to  af- 

*  firm  that  there  is  not  3  then  by  rea- 

*  fun  of  their  vaft  Diftances,  the 

*  Time  wh  ch  Light  takes  up  in 
t  coming  from  a  fixed  Star  to  the 

*  Earth,  muft  be  very  great,  not  to 
e  be  meafyred  by  a  few  Hours  or 
(  Days,  but  by  whole  Weeks  or  ra- 

*  ther  Months.  Whence  it  will 
«  follow,  that  the  true  Places  of  the 

<  fixed  Stars,  tho’  they  are  both 

*  really  and  apparently  in  their  pro- 

*  per  Parallels  of  Declination  }  yet 
‘  with  refpett  to  their  right  Alcen  • 

*  fions,  will  very  much  d.ffer  from 

*  their  apparent  Places,  nor  will  any 
(  one  of  them,  unlefs  by  gieat 

*  Chance,  ever  be  in  that  Place, 


*  wiih  refpeft  to  the  Horizon  or  Me- 
‘  ridian  of  the  Earth  where  it  ap- 
‘  pears  to  be*  And  befides  it  will  fol- 

*  low  from  the  Difference  of  Di- 

*  ftances,  that  the  real  Order  and  Si- 

<  tuationof  the  fixed  Stars  with  re* 
‘  gard  to  each  other,  is  not  fuch  as 

<  we  fee  it  from  the  Earth.  We  do 
‘  indeed  certainly  know  by  Obferva- 
(  tion,  the  particular  Parallel  which 

*  any  of  them  is  in,  becaufe  the  fuc- 
e  cefiive  Propagation  of  Light  does 
‘  not  at  all  difturb  their  Situation 
‘  fide  ways  j  but  what  their  Places  are 
i  with  refpsft  to  each  other  in  any 

<  Parallel,  cannot  at  all  be  known  by 

*  Obfervation,  unlefs  we  knew  their 

<  Diftances, and  confidered  well  what 
‘  Time  Light  would  take  to  pafs 
e  thro’  them  (which  at  prefent  we  do 

*  not  )  Now  fince  we  know  the 

*  Places  of  the  fixed  Stars  according 

*  to  their  Longitude  and  Latitude, 

*  only  by  having  their  Places  with 

*  refpedt  to  their  right  Afcenfion  and 
‘  Declination  given  by  Obfervation  ; 

*  it  will  certainly  follow,  that  the 

<  real  Places  of  the  fixed  Stars  can 

*  never  be  at  all  determined  by  us, 
f  the  fucceflive  Motion  of  Light 

<  hindering  it.  Which  ftrange  or  ra- 

*  ther  whimfical  thing, in  the  antient 

<  Hypothecs,  has  not  been  obferved 

<  by  any  Body  (that  I  know  of)  but  I 

<  think  it  is  very  well  worth  the  No- 

*  lice  of  the  Followersof  Ptolemy  (if 
‘  there  remains  any  fuch.)  Where- 
f  fore  I  leave  fo  ftrange  and  fo  un- 

*  artificial  an  Invention  to  be  con- 

*  fider’d  by  them,  and  to  be  defpifed 
«  by  you.’  AJironom.  Left.  p.  233. 

(1)  Is  a  certain  Vortex,  See.)  See 

the  Notes  on  Art.  22.  of  this  Chap. 

Parts 
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Parts  of  the  fecond  Element :  In  Confequence  of  this; 
fince  it  is  certain  that  Bodies  which  move  in  a  Circle, 
have  a  T endency  to  fly  off  from  the  Center  of  their 
Motion,  and  that  the  groffeft  and  moft  heavy  Parts, 
fuch  as  thofe  of  the  fecond  Element,  have  a  greater 
T endency  to  fly  off  than  the  other ;  it  neceffarily  fol¬ 
lows,  that  the  Parts  of  the  fecond  Element  ought  to  go 
off  from  the  common  Center,  and  to  approach  as  near 
to  each  other,  as  their  Figure  and  particular  Motion 
will  allow  :  So  that  they  ought  to  force  into  the  Piace 
which  they  leave,  all  the  Matter  of  the  firft  Element, 
except  fo  much  only  as  is  requifite  to  fill  up  the  Intervals 
between  them.  It  is  certain  therefore,  that  towards  the 
Middle  of  the  Vortex  in  which  we  dwell,  there  muff  be 
a  large  Quantity  of  Matter,  which  is  compofed  of  the 
firfl:  Element  only ;  and  it  is  this  Mafs  of  the  fubtle 
Matter  which  poffeffes  the  Center  of  the  Vortex  in  which 
we  are  (1),  which  we  call  the  Body  of  the  Sun. 

6.  We 


(1)  Which  roc  call  the  Body  cf 
the  Sun,  &c.)  Since  we  have  fliewn 
that  the  fubtle  Matter  mentioned  all 
along  above,  and  the  Vortexes  men¬ 
tioned  below  (in  the  Notet  on  Art, 
20.)  are  fictitious  and  contrary  to 
the  Nature  of  Things :  Let  us  hear 
what  the  illuftrious  Sir  lfaac  New¬ 
ton  fays  fo  incomparably  well  con¬ 
cerning  the  Nature  of  the  Sun  and 
Stars  from  other  Principles#  «  Do 
i  not  great  Bodies,  fayi  be,  conferve 
e  their  Heat  the  longeft,  their  Parts 

*  heating  one  another  ;  and  may 

*  not  great  denfe  and  fixed  Bodies, 

‘  when  heated  beyond  a  certain 

*  Degree,  emit  Light  fo  copioufly 
1  as  by  the  Emifiion  and  Re-aftion 
(  of  its  Light,  and  the  Reflexions 
‘  and  RefraXions  of  its  Rays  with- 

*  i'1  its  Pores,  to  grow  ftiil  hotter, 

‘  till  it  comes  to  a  certain  Period  cf 

*  Heat,  fuch  as  is  that  of  the  Sun; 

*  And  are  not  the  Sun  and  fixed 

*  Stars  great  Earths  vehemently  hot, 
‘  whofe  Heat  is  conferv’d  by  the 
‘  greataefs  of  the  Bodies,  and  the 

*  mutual  Aciion  and  Re  aXion  be- 
c  tween  them  and  the  Light  which 

*  they  emit,  and  whofe  Parts  are 

*  kept  from  fuming  away,  not  only 

*  by  their  Fixity,  but  alfo  by  the 

*  Weight  and  Denfi:y  of  the  At- 

*  mofpheres  incumbent  upon  them, 

*  and  very  ftrongly  comprefijng 

*  them,  and.condenfing the  Vapours 

VOL.  II. 


<  and  Exhalations  which  arife  from 
‘  them  ?  For  if  Water  be  made 
e  luke-warm  in  any  pelluc:d  Vef- 

*  fel,  and  that  Velfe!  be  afterwards 

*  emptied  of  Air,  that  Water  in 

<  the  Vacuum  will  bubble  and  boil 
(  as  vehemently  as  it  would  do  if 

<  heated  much  hotter  in  a  Vefrel  fet 
f  on  the  Fire  in  the  open  Air.  For 

*  the  Weight  of  the  incumbent  At- 

<  mofphere  keeps  down  the  Vapours, 

<  and  hinders  the  Water  fiomboil- 

<  ing,  untill  it  grow  much  hotter 

*  than  is  requifite  to  make  it  boil 

<  in  vatuo.  Alfo  a  mixture  of  Tin 

*  and  Lead  being  put  upon  a  red-hot 
«  Iron  in  vacuo,  em’ts  a  Fume  and 
e  Flame  ;  but  the  fame  Mixture  in 
‘  the  open  Air,  by  reafon  of  the 

<  incumbent  Atmofphere,  does  not 

<  fo  much  as  emit  any  Fume,  which 

*  can  be  perceived  by  S:ght.  In  like 
e  manner  the  great  Weight  of  the 
(  Atmofphere,  which  lies  upon  the 

<  Globe  of  the  Sun.’  (For  the 
Weight  of  Bodies  upon  the  Superfi¬ 
cies  of  the  Sun,,is  to  the  We  ght  of 
Bodies  upon  the  Superficies  of  the 
Ear'h,  as  the  Magni  ude  and  Den- 
firy  of  the  Sun  is  t  he  Magnitude 
and  Denfify  of  the  Earth,)  ‘  may 

*  hinder  Bodies  the.  e  from  rifing  up 
f  and  going  awry  from  the  Sun  in 

<  the  Form  of  Vapours  and  Fumes, 
‘  unlefs  by  Means  <f  a  far  greater 

*  Heat  than  that  which  on  the  Sur- 

E  Z  (  fac« 
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6.  That  6.  We  certainly  find  in  this  Mafs  of  fubtle  Matter* 
Twnof^tbe  t^ie  ^ame  Properties  which  Experience  {hews  us,  that 

Sun  which  there  are  in  the  Sun.  For  fir  ft.  This  Mafs  of  fubtle 

it  parallel  to  M^ter,  or  this  very  liquid  Body,  which  we  may  com- 
tick  Vi  Pare  to  Flame,  muft  neceflarily  be  round  which 

round.  Way  foever  it  be  turned  about ;  that  is,  if  it  be  cut  by 

any  Plane  parallel  to  the  Ecliptick,  in  what  Part  foever 
the  Sedfion  be  made,  it  muft  always  be  a  Circle,  other- 
wife  it  would  follow,  that  there  were  Particles  of  the 
fecond  Element  ,  that  were  not  got  fo  far  from  the 
Center  of  the  Circle  which  they  defcribe,  as  they  ought 
to  be ;  but  this  is  impcftible,  bccaufe  the  Heavens  are 
fluid. 

7.  Wbiljl  7.  Further  ;  becaufe  there  is  always  a  large  Quantity 
fome  cf  the  cf  the  Matter  of  this  firft  Element,  which  endeavours 
t0  g°  °®*  fr°m  the  Center  of  the  Vortex,  and  which 
Ecuptick  5  does  indeed  go  off  from  thence  through  the  Interftices 
ether  Mat -  whic]i  there  is  between  the  Particles  of  the  fecond  Ele- 
ty  theplleu  tnent ;  it  always  endeavours  to  go  off  in  Planes  parallel 
to  the  Ecliptick,  and  never  tends  to  the  Poles.  But  be¬ 
caufe  the  World  is  full,  the  Matter  which  goes  thus 
off  frohi  the  Sun,  forces  other  Matter  to  enter  by  the 
Poles. 

g.  That  the  8.  Becaufe  we  confider  all  the  fixed  Stars  as  fo  many 
Poles  of  the  Suns,  which  cmfequently  ought  every  one  of  them  to 
Sf1  Zy  have  t^eir  own  proper  Poles  and  Eclipticks,  from  which 

fixed  Star  the  Matter  ought  to  flow  in  the  Manner  juft  now  de- 
are.  placed  fcnbed  ;  it  is  reafonable  to  think,  th$t  that  Matter  which 
gaffitbe'  &es  fr°tn  the  Places  near  the  Ecliptick  of  one  Star, 
Ecliptick  of  enters  in  by  the  Poles  of  another  Star,  which  is  con- 
fome  other  firmed  from  hence,  that  we  cannot  conceive  how  a  great 
Number  of  Vortexes  could  fubfift  long  together,  with¬ 
out  deftroying  each  other,  and  being  all  blended  into 
one,  if  the  Poles  of  fome  did  not  diretftly  correfpond  to 
the  Eclipticks  of  others. 


fixed  Star, 


s  face  of  our  Earth  would  veryeafily 

*  turn  them  into  Vapours  ar.d 

*  Fumes.  And  the  fame  grett 
4  weight  may  condenfe  thofe  Va- 
4  pours  a  d  Exhalations  as  focn  as 
1  they  lha  1  at  any  t  ime  begin  to  af- 
4  cend  from  the  Sun,  and  make  them 
4  preftntly  fall  bwk  again  into  him, 

*  and  by  that  Adlion  increafe  his 
4  Heat  j  much  after  the  manner. 


4  that  on  our  Earth  the  Air  in- 
4  creafes  the  Heat  of  a  culinary 
4  Fire.  And  the  fame  Weight 
4  may  hinder  the  Globe  of  the  Sun 
4  from  being  diminifhed,  unlefs  per- 
4  haps  by  the  Emiliion  of  Light, 
4  and  a  very  fmall  Quantity  of  Va- 
4  pours  and  Exhalations.’  Newt < 
Opt,  pag.  318, 


9.  Now 
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9.  Now  the  Matter  of  the  firft  Element  which  enters  'Tkatt^ 
into  a  Star  at  one  of  its  Poles,  goes  on  in  a  {freight  Line,  rfj'fody. 
till  it  meets  with  the  Particles  of  the  fecond  Element 

which  are  on  the  Side  of  the  oppofite  Pole,  againft  which 
ftriking  and  prefling  with  all  the  Force  and  Impetus  of 
its  Motion,  it  is  reflected,  and  then  turned  round  in 
Planes  perpendicular  to  the  Ecliptick  ;  and  being  moved 
every  Way  and  on  all  Sides,  it  pufh.es  away  the  Particles 
of  the  fecond  Element,  which  were  got  nearer  than  the 
reft  to  the  Center  of  the  Star  which  they  incompafs  ;  and 
confequently  it  muft  by  this  Means  become  round,  not 
only  at  the  Poles  and  the  Ecliptick,  but  on  every  other 
Side  of  the  whole  Mafs  :  It  follows  therefore,  that  the 
Sun  is  an  exadl  and  perfect  Globe. 

10.  We  fee  alfo,  that  the  Sun  ought  to  be  luminous, 
becaufe  the  Matter  of  which  it  is  compofed,  by  pufhing  ‘ 1 
all  round,  adds  to  the  feveral  Motions  which  they  had 
before  to  make  them  a  liquid  Body,  fuch  an  Impreflfion  as 

is  requifite  to  make  them,  when  they  fall  upon  the  Bottom 
of  the  Eye,  {hake*  the  Extremities  of  the  fmall  Nerves 
which  are  there,  and  fo  caufe  the  Senfation  of  Light. 

11.  It  is  eafy  to  colledl  from  hence,  that  the  Sun  is  n .Why  tb* 
virtually  hot,  that  is,  that  it  has  a  Power  to  excite  the  Sua  ts  hoU 
Senfation  of  Heat  in  us  :  For  it  was  before  (hewn,  that 

this  Power  neceffarily  accompanies  that  of  Light,  and  is 
proportionable  to  it ;  fo  that  the  Sun  being  very  lumi¬ 
nous,  it  muft  alfo  be  very  hot. 

12.  It  may  beobferved  here,  that  fome  of  the  Particles  rz.  How  the 
of  which  the  Sun  is  compofed  may  fo  meet  together  and 

be  entangled  with  each  other  fometimes,  that  though  they  formed. 
continue  in  Motion  with  refpe<51  to  the  Particles  of  the 
fecond  Element,  with  which  they  are  furrounded  ;  yet 
with  refpedl  to  each  other  they  are  at  reft,  and  fo  com- 
pofe  an  opake  Body,  like  the  Froth  formed  upon  the 
Surface  of  Liquors  when  they  begin  to  boil :  And  this 
may  ferve  to  account  for  thofe  Spots  which  we  often  fee, 
by  the  Help  of  Telefcopes,  upon  the  Body  of  the  Sun. 

13.  It  is  alfo  obfervable  with  regard  to  thefe  Spots,  that  T3* 

we  never  fee  any  of  them,  but  near  the  Ecliptick ;  becaufe,  appear  flu: 
though  any  one  of  them  flrould  begin  to  be  formed  near  near  the 
the  Poles,  as  foon  as  it  becomes  pretty  large,  it  muft  be  EcliPtlck‘ 
forced  to  quit  thofe  Places,  and  retire  tov/ards  the  Eclip¬ 
tic  k  s  for  the  Matter  which  defeends  from  the  Heavens, 
and  enters  in  at  the  Poles  of  the  Stars,  will  pufti  it  and 
drive  it  that  Way  ;  and  according  to  the  Laws  of  Motion, 
the  Tendency  which  it  has  to  go  oft"  from  the  Center  of 

E  3  the 
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14..  Why  the 
Light  f  the 
Sun  is 
•tueakned 
fometimes , 
for  fome 
Months  to¬ 
gether , 


15.  That 
this  Weak- 
riejs  of  the 
Sun  s  Light 
is  not  to  be 
afcribed  to 
the  Clouds , 
and  that  the 
fixed  Stars 
do  not  re¬ 
ceive  their 
Light  from 
the  Sun. 
j6-  Hew  the 
Spots  of  the 
Sun  may 
d  f appear , 


the  Circle  which  it  deferibes,  will  caufe  it  to  approach 
the  Ecliptick  as  the  moft  remote  Place. 

14.  And  it  may  fo  happen,  that  fuch  a  Number  of 
thefe  Spots  may  be  formed,  and  they  may  be  fo  flop¬ 
ped  by  each  other,  as  to  cover  almoft  the  whole  Body 
of  the  Sun  :  And  this  agrees  with  what  we  read  in  fome 
Hiftorians,  (1)  that  the  Sun  has  fometimes  appeared  with 
a  very  faint  Light  for  a  whole  Year  together,  fo  that 
Men  might  look  fteadily  upon  it  without  dazling  their 
Eyes. 

15.  And  becaufe,  during  this  Time,  the  fixed  Stars 
did  not  appear  lefs  luminous  than  ufual ;  it  is  manifeft 
that  the  Weaknefs  of  the  Sun’s  Light  cannot  be  im¬ 
puted  to  any  Vapours  or  Exhalations  in  the  Air  ;  for  if 
it  had  been  fo,  the  Stars  would  have  been  hindred 
from  fhining  likewife.  And  this  fliews  us  alfo,  that  the 
fixed  Stars  do  not  borrow  their  Light  from  the  Sun  ; 
for  if  they  did,  they  would  not  have  appeared  fo  bright 
as  ufual. 

16.  The  Comparifon  which  we  juft  now  made  be¬ 
tween  the  Spots  of  the  Sun,  and  the  Froth  which  ga¬ 
thers  together  upon  the  Surface  of  Liquors  when  they 
begin  to  boil,  give  us  Ground  to  think  that  they  may  be 
diffipated  in  Length  of  Time  as  Froth  is  ;  either  becaufe 
the  liquid  Matter  of  the  Sun,  which  is  in  a  very  quick 
Motion,  and  agitated  to  the  higheft  Degree,  begins  to 
difunite  the  Bottom  Parts  of  the  Spots,  whofe  Particles 
were  flopped  by  each  other  ;  or  becaufe  this  Matter 
gets  over  the  Spot  which  fwims  upon  the  Surface,  in 
the  fame  Manner  as  boiling  Liquor  rifes  up  and  Aides 
over  the  F roth,  and  at  laft  finks  it  to  the  Bottom  of  the 
Veflel. 


17.  Why  the  17.  It  may  be  obferved  alfo,  that  if  any  of  thefe  Spots 
sun  appears  difappear  in  this  manner,  the  Liquid  Matter  which  paf- 
that  ace  ^es  or  Aides  over  it,  and  whofe  Paflage  is  thereby  ftreight- 
’ivhere  the  ned,  and  its  Motion  accelerated,  muft  prefs  upon  and 
jfi0!  TV  a  pufh  forward  more  than  ufually,  the  Particles  of  the  Se- 
e ' c‘  cond  Element  which  are  againft  this  Place,  and  fo  caufe 
us  to  perceive  a  brighter  Light  there,  than  in  any  other 
Part  of  the  Sun’s  Surface ;  and  this  is  confirmed  by  Ob- 
fervation  :  For  it  fometimes  has  happened,  that  upon  the 


(1)  That  the  Sun  has  fometimes  Antony  ;  it  being  pale  for  almofi  a 
appeared, See  )  PJiny,  Rook  II.  Chap.  whole  Tear  together.  And  Plutarch , 
30.  There  have  been  prodigious  and  Of  the  Opinions  of  the  Philo'ophers. 
>dtry  long  Eclipfe  s  of  the  Sun,  as  when  Xenophanes  writes  of  an  Eclipje  of 

Casfar  the  Lift  at  or  was  kilted,  and  tie  Sun  for  a  whole  Month  • 

at  the  Time  ef  the  War  with  Mark 


difap- 
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difitppearing  of  a  Spot  feen  in  the  Sun’s  Body  one  Day, 
an  extraordinary  Flame  hath  been  feen  to  fucceed  it  the 
next  Day. 

18.  It  is  alfo  reafonable  to  think,  that  fome  of  thefe  l8* 

Spots  may  be  fo  thick  and  denfe,  as  to  require  a  verv  tbe^e  s/ott 
Jong  I  ime  to  diiiolve  them  intirely  ;  they  may  therefore  all  on  a 
rife  up  again  to  the  Surface  of  the  Fluid  in  which  they 

were  immerfed,  and  be  immerfed  in  it  again  afterwards, 
before  they  are  wholly  diffipated:  So  that  we  need  not 
be  furprized  when  we  fee  fome  of  the  Spots  upon  the 
Sun’s  Body  difappear  and  appear  again,  in  lefs  Time 
than  we  can  conceive  them  to  be  entirely  difiipated,  and 
new  ones  formed. 

19.  If  the  fixed  Stars  are  liable  to  the  fame  Alterations,  19.  How 
fince  they  are  at  vaftly  greater  Di fiance  from  us  thzn.JomefiXed 
the  Sun  \  it  is  eafy  to  imagine  that  they  may  entirely  SJ^ppTaaf 
ceafe  to  be  feen,  when  under  fome  Circumftances,  in  and  new  * 
which  the  Sun  would  appear  only  lefs  luminous.  Whence  onei 

it  is  not  at  all  wonderful,  that  we  fhould  now  fee  fome 
fixed  Stars  in  the  Heavens,  which  the  Antients  could  not 
fee  ;  and  that  they  obferved  fome  in  their  Time,  which 
we  cannot  find  now :  Nor  was  there  any  Wonder  in  that 
famous  Star  which  was  firft  feen  about  the  10th  of  No¬ 
vember  in  the  Year  1572,  amongft  the  Stars  in  the  Con- 
ftellation  called  fCaffiopeia,  (1)  which  appeared  all  on  a 
fudden  larger  and  brighter  than  any  other  fixed  Star  ; 
but  afterwards  grew  lefs  and  weaker,  till  at  laft  it  wholly 


(1)  Which  appeared  all  on  a  fud¬ 
den,  &c.)  The  Appearance  of  new 
Stars  is  much  better  accounted  for 
from  the  Theory  of  Comets.  For 
though  fome  of  the  fixed  Stars  may 
befo  very  remote  from  us,  as  not  to 
be  feen  by  the  Help  of  our  beft 
Glalfes,  yet  as  they  are  fiery  Bodies 
like  the  Sun,  if  any  new  Matter  or 
Fewel  be  added  to  them,  they  may 
on  a  fudden  blaze  out  fo  as  to  be  feen 
by  the  naked  Eye,  brighter  than  any 
other  Star  ;  and  as  this  Fewel  is  de¬ 
voured,  they  may  diminilh  in  their 
Brightnefs,  and  by  Degrees  return  to 
their  firft  invifible  State.  And  that 
Comets  might  probably  fupp!y  them 
with  this  Fewel ,  See  Sir  Ifaac 
Newton  t  Princip.  Book  III.  pag. 
481.  4  The  Comet  which  ap- 

*  peared  in  1680,  in  its  Perihelion, 

4  was  not  fo  far  diftant  from  the 
c  Sun,  as  the  fixth  Part  of  the  Sun’s 


4  Diameter,  and  by  reafon  of  its 
4  very  great  Velocity  in  this  nearnefs, 
*  and  feme  Denfity  that  there  is  in 
4  the  Sun’s  Atmofphere,  it  muft 
4  meet  with  fome  Refiftance,  and  be 
4  a  little  retarded,  and  approach 
4  nearer  the  Sun  ;  and  by  approach- 
4  ing  in  this  manner  nearer  and 
4  nearer  to  the  Sun  every  Revolt»* 
4  tion,  it  muft  at  laft  fall  into  the 
4  Body  of  the  Sun.  And  in  its  A- 
4  phelion,  where  it  moves  floweft, 
4  it  may  fometimes  be  retarded  by 
4  the  Attra&ion  of  other  Comets, 
4  and  at  fome  time  or  other  fall  into 
4  the  Sun.  And  fo  the  fixed  Stars 
4  likewife,  which  by  Degrees  wafte 
4  themfelves  by  fending  forth  Light 
4  and  Vapours,  may  be  fupplied  by 
4  Comets  falling  into  them,  and 
4  bv  the  kindling  of  this  new  Fewel 
4  in  them,  they  may  be  taken  for 
4  new  Stars,’ 


20-  That  tbs 
Sun  it  n;t 
cxa£i  y  in 
the  Center 
of  kii  Vor~ 
tex » 


4T.‘  The 
Caufe  of  the 
Sun's  Apo* 
ixum. 


tf.z.  Tbs 
Rea  Jon  a.j/pV 
the  Earto's 
slxis  kieps 
alxvays  pa¬ 
rallel  to  it 

M: 
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difappeared  in  March  1574,  without  having  at  all 
changed  its  Situation  which  it  had  at  firft,  with  regard 
to  the  fixed  Stars  which  were  round  about  it.  „ 

20.  From  what  has  been  hitherto  faid,  it  follows,  that 
the  Sun  ought  to  be  placed  in  the  Center  of  that  irregular 
Space,  which  is  poffeffed  by  his  Vortex,  amongft  the  many 
other  Vortexes,  which  have  fixed  Stars  in  the  Centers 
of  them.  But  if  we  confider  that  the  Matter  of  the 
firil  Element  which  flows  out  of  one  Vortex  into  another, 
may  not  be  determined  to  go  diredlly  to  the  Center  of 
this  other,  we  may  conclude,  that  the  Star  in  one  Vor¬ 
tex  ought  to  be  in  the  Middle  between  the  Center  of  the 
Vortex,  and  the  Place  which  the  Matter  of  the  firfl  E- 
lement,  fent  out  of  other  Vortexes,  tends  to. 

21.  This  being  fo  ;  all  the  coeleftial  Matter  which 
turns  about  a  Star,  will  be  fireightened  and  forced  into  a 
narrower  Channel  in  fome  Places  than  in  others,  and  by 
this  Means,  the  Circles  which  are  deferibed  by  different 
Portions  of  this  Matter,  will  be  excentrick  with  refpedt 
to  the  Star  about  which  they  move  ;  and  this  is  the  Rea- 
fon  why  the  Earth  does  not  always  move  at  equal  Di- 
flances  from  the  Sun.  Befides,  as  Chaff  and  Pieces  of 
Wood,  fwimmingupon  the  Surface  of  Water  that  turns 
round,  do  not-  always  deferibe  the  fame  Circle,  but 
deferibe  Circles  fometimes  nearer  and  fometimes  further 
off  the  Center  of  the  Vortex,  fo  in  like  manner  the 
Earth  in  turning  about  the  Sun,  does  not  always  necef- 
farily  deferibe  the  fame  Circle :  And  hence  it  is,  that 
the  greateff  Difiance  betwixt  the  Earth  and  the  Sun,  or 
its  A-pogtfitm^  may  alter  in  different  Ages,  and  be  obferved 
fometimes  in  one  Part  of  the  Firmament  and  fometimes 
in  another. 

22.  In  order  to  explain  the  whole  apparent  Motion  of 
the  Heavens,  there  remains  nothing  but  to  find  out  the 
Caufe,  why  the  Earth  in  its  annual  Motion  about  the 
Sun  is  carried  in  flich  a  manner,  that  its  Axis  always  con¬ 
tinues  parallel  to  its  felf,  or  which  is  the  fame  thing,  its 
Poles  always  are  diredfed  to  very  nearly  the  fame  Points  in 
the  ftarry  ffeaven.  But  this  will  not  be  very  difficult 
to  account  for,  if  we  confider,  that  the  diurnal  Motion  of 
the  whole  Mafs  compofed  of  Earth,  Water,  and  Air 
determines  the  fubtle  Matter,  which  is  in  continual 
Agitation  in  the  inward  Parts  of  the  Earth,  to  retire  from 
its  Axis,  and  go  off  in  Planes  parallel  to  the  Equator ; 
and  that  at  the  fame  time  there  muff  neceffarily  enter 
into  thole  Parts  which  are  near  the  Poles,  a  like  Quantity 


73 


Chap.  2.5.  ©/Natural  Philosophy. 

of  the  fame  fort  of  Matter  flowing  from  the  Parts  near 
the  Ecliptick  of  fome  neighbouring  Vortex  :  For  it  is 
eafy  to  conclude  from  hence,  that  when  the  Earth  has 
once  begun  to  receive  the  Matter  which  comes  from  one 
particular  Part  of  the  Heavens,  it  will  continue  to  re¬ 
ceive  it  more  conveniently,  than  it  will  do  any  other 
Matter  that  comes  from  other  Parts  ;  becaufe  its  Pores 
are  more  fitted  to  receive  it,  and  it  can  enter  into  them 
without  Interruption  :  Wherefore  thefe  occult  Pores 
which  we  conceive  to  be  parallel  to  the  Earth’s  diurnal 
Motion,  muft  neceflarily  be  fo  placed,  (1)  that  the  Mat¬ 
ter  which  enters  into  them,  muft  enter  diredfly  in  ;  which 
if  it  does,  the  Poles  of  the  Earth  muft  always  be  directed 
to  the  fame  Parts  of  the  Heaven,  and  confequently  its 
Axis  keep  always  parallel  to  it  felf. 

23.  In 


(1)  That  the  Matter  •which  enters , 
Sec  )  That  the  Vortexes  of  Matter 
in  which  the  Planets  fwim,  are 
mere  Fictions  and  contrary  to  the 
Phaenomena  of  Nature  j  is  evident 
from  the  following  Arguments  : 

Firfi,  The  immenfe  Space  of  the 
World  is  fo  far  from  being  full  of 
Matter  (which  imaginaiy  Plenum  is 
the  foie  Foundation  of  the  Fiction  of 
Vortexes)  that  on  the  contrary,  that 
Space  which  is  fill’d  with  Matter, 
bears  no  Proportion  at  all,  to  that 
immenfe  Space  which  is  void  of  all 
Matter.  See  the  Notes  on  Part  1, 
Chap .  viii  J/rt.  2. 

Secondly,  It  is  evident  from  the 
Motion  of  Comets,  which  pafs  very 
freely  in  the  heavenly  Spaces  allWays 
and  from  and  to  all  Parts,  (in  Orbs 
which  cut  the  Planets  Orbs  at  all  An¬ 
gles)  that  the  Planets  cannot  be  car¬ 
ried  along  by  Vortexes  of  Matter. 

thirdly ,  *  According  to  the  Laws 
f  of  Aftronomy  a  Body  which  re- 

*  volves  in  an  Excentrick  Orb ,  moves 

*  flower  in  its  aphelion,  and  quicker 
c  in  its  Perihelion  j  but  according  to 

*  the  Laws  of  Mechanicks  ,  the 

*  Matter  of  the  Vortex  ought  to  move 
‘  fwifter  where  the  Place  is  ftraiter 

*  and  more  comprtffed,  that  is,  in  the 
‘  Aphelion,  than  where  the  Place  is 
(  w  der,  and  lefs  compre/Fed,  that  it 

*  in  the  Perihelion,  which  two  things 

*  contradidi  each  other.  Thus  in  the 

*  beginning  of  the  Sign  Virgo,  where 

*  the  Aphelion  of  Mars  now  is,  the 

*  Difiance  betwixt  the  Orbs  of  Mars 
(  and  Fenus,  is  to  the  Difiance  be- 


*  tween  the  fame  Orbs  in  the  begin- 

*  ning  of  the  Sign  Pifces  in  the  Pro- 
c  portion  of  three  to  two  very  near- 

*  ly  :  And  therefore  the  Matter  of 

*  the  Vortex  contained  between  thofe 
‘  two  Orbs  ought  to  move  fwifter  in 
‘  the  Beginning  of  Pifces,  than  in 
4  the  Beginning  of  Virgo  in  the  fame 

*  Proportion  of  three  to  two  j  For 
‘  the  ftraiter  the  Space  is,  through 

*  which  the  fame  Quantity  of  Mat- 
‘  ter  paffes  in  the  fame  Time  of  one 

*  Revolution,  with  fo  much  the 
e  greater  Velocity  ought  it  to  pafs.  If 
‘  therefore  the  Earth  were  carried 
(  along  in  this  Cceleftial  Matter,  be- 
f  ing  relatively  at  reft  with  it,  and  re- 

*  volv’d  together  with  it  about  the 

*  Sun  j  itsVelocity  in  the  Beginning 
e  of  Pifces ,  would  be  to  its  Velocity 
‘  in  the  Beginning  of  Virgo,  in  a 

<  fefquialterate  Ratio :  Whence  the. 

*  apparent  diurnal  Motion  of  the  Sun 
(  in  the  beginning  of  Virgo,  would 

*  be  more  than  feventy  Minutes,  and 
‘  in  the  Beginning  of  Pifces,  lefs  than 
‘  forty  eight  Minutes.  Whereas  (we 

*  find  by  Experience)  the  apparent 
‘  Motion  of  the  Sun  is  greater  in  the 

*  Beginning  of  Pifces,  than  in  the  Be- 

*  ginning  of  Virgo,  and  therefore 

*  the  Earth  moves  fwifter  in  the  Be- 

*  ginning  of  Virgo  than  in  the  Be - 
‘  ginning  of  Pifces.  The  Hypo'hefis 

*  therefore  of  Vortexes  diredlly  con- 
(  tradidls  the  Aftronomical  Phaeno- 
f  mena,  and  tends  move  to  confound 

*  the  Cceleftial  Motions  than  to  ex- 

<  plain  them.’  SeeNeivt.  Princip. 
IJook  [1.  Schoh  10,  Prop.  LIU. 

Fourthly , 
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23.  In  order  to  conclude  my  Opinion  concerning  the 
Nature  of  the  Planets,  in  few  Words  ;  we  may  add  to 
what  has  been  already  faid  of  their  being  fpherical  Bodies, 

which 


Fourthly ,  <  If  three  equal  round 
4  Veftels  be  filled,  the  one  with  Wa- 
6  ter,  the  other  with  Oil,  the  third 
4  with  molten  Pitch,  and  the  Liquors 

*  be  ftirred  about  alike  to  give  them 
4  a  vortical  Motion  j  the  Pitch  by  its 

*  Tenacity  will  lofe  itsMotion  quick- 
4  Jy ;  the  Oil  being  lefs  tenacious 

*  will  keep  it  longer,  and  the  Water 
‘  being  lefs  tenacious  will  keep  it 

*  longeft,  but  yet  will  lofe  it  in  a 
4  fhort  time.  Whence  it  is  eafy  to 

*  underftand,  that  if  many  contiguous 

*  Vortices  of  molten  Pitch,  were  each 

*  of  them  as  large  as  thofe  which 
4  fome  fuppofe  to  revolve  about  the 

*  Sun  and  fixed  Stars, yet  thefe  and  all 
4  their  Parts, would, by  theirTenacity 
4  and  Stiffnefs,  communicate  their 

*  Motion  to  one  another,  till  they  all 
4  refted  among  themfelves.  Vortices 
4  of  Oil  or  Water,  or  fome  fluider 
4  Matter,  might  continue  longer  in 
4  Motion  jbut  unlefs  theMatter  were 
4  void  of  all  Tenacity  and  Attrition 
4  of  Parts,  and  Communication  of 
r  Motion  (which  is  not  to  be  fuppo- 
4  fed)  the  Motion  would  conftantly 
4  decay.’  Opticks,  pag.  374. 

It  is  evident  therefore  that  the 
Planets  are  not  carried  along  in  Vor¬ 
texes  of  Matter  as  in  a  River.  But 
it  now  appears  from  the  moil  ex- 
aft  Obfervations  of  the  Phaencmena 
of  the  cceleftial  Motions,  that  they 
are  fo  placed  in  the  moil  free  and  o- 
pen  Spaces,  as  to  revolve  about  certain 
Centers  by  a  Force  compounded  of 
Gravity  and  a  Projectile  Motion  in 
freight  Lines,  which  were  imprefied 
upon  them  by  God  at  the  Beginning ; 
•viz,  the  larger  Planets  about  the  Sun, 
and  the  Satellites  or  Moons  about 
their  own  Planets;  I  fhail  explain 
the  Whole  of  this  in  a  few  Words. 

Becaufe  all  Matter  gravitates  to. 
wards  all  Matter,  in  a  certain  Pro- 
portion  to  the  Quantity  and  Diftance 
(See  the  Notes  onCbap  xxviii.  of  this 
Part,}  And  becaufe  the  Body  of  the 
Sun  is  much  larger  than  all  the  Pla¬ 
nets  put  together;  it  is  manifeft  that 
if  all  the  Planets  were  at  reft  in 
their  proper  Places,  they  would  by 
their  own  Gravity  be  carried  directly 
into  the  Sun* 


Now  becaufe  the  Cafe  was  thus, 
and  all  the  Planets  gravitated  to¬ 
wards  the  Sun,  God  imprefied  upon 
them  a  proje£Hle  Motion  in  freight 
Lines  alfo  ,  in  fuch  a  manner  as  to 
be  perpetually  pull’d  from  the 
flreight  Lines  and  kept  from  flying 
oft'  from  their  Orbs  by  Gravitation, 
and  at  the  fame  Time  to  be  perpe¬ 
tually  urged  on  by  that proje&ile  Mo. 
tion,  left  they  fhould  fall  into  the 
Sun  by  the  Force  of  their  Gravita¬ 
tion  :  So  that  by  thefe  two  Forces 
afting  together,  they  muftneeeffariiy 
be  carried  in  fome  curved  Line  about 
the  Sun  ;  juft  as  a  Stone  turned  about 
in  a  Sling,  by  being  perpetually  hun¬ 
dred  by  the  String  from  flying  off,  all 
the  while  that  it  endeavours  to  recede 
from  the  Center  by  its  projectile  Mo- 
tion,  deferibes  a  Circle. 

This  will  be  plainer  by  looking 
on  the  Scheme.  Let  S  be  the  Sun, 
A  a  Planet ;  and  in 
the  fir  ft  Moment  of  Tab.  XVIIL 
Time,  letAdefcribe  Fig.  1. 
by  its  projeftile  Mo¬ 
tion,  the  right  LineAB  j  in  the  fecond 
Moment  of  Time,  if  nothing  hind  red 
it,  it  would  go  on  flreight  to  c,  and 
deferibe  the  Line  Be  equal  to  AB. 
But  when  it  comes  to  B  it  is  pulled 
by  its  Gravity,  and  made  to  decline 
from  the  flreight  Line  Be,  and  to 
go  in  the  flreight  Line  B  C.  So 
Jikewife  when  it  comes  to  C,  it  is 
pulled  by  its  Gravity  and  made  to 
decline  from  the  flreight  Line  Cd,and 
to  go  in  the  flreight  Line  CD.  Now 
if  the  Number  of  the  Triangles  ASB, 
BSC,  CSD,  be  infinitely  increafed, 
and  their  Breadth  infinitely  diminifh- 
ed,  their  laft  Perimeter  ABCDEF 
will  be  a  curve  Line  ;  and  fo  the 
Gravity  by  which  the  Planet  is  pulled 
from  the  Tangent  of  the  Orb,  will 
aft  continually,  and  the  Planet  will 
alfo  be  carried  in  this  curve  Line  a- 
bout  the  Sun. 

If  the  proje&ik  Velocity  be  fo  ex* 
aftly  adjufted  to  the  gravitating  Force 
as  to  balance  each  other  in  fuch  a 
Manner  that  the  Planet  fhail  neither 
approach  nearer  to,  nor  recede  fur¬ 
ther  from  the  Sun  ;  in  this  Cafe  the 
Planet  will  deferibe  an  exaft  Circle 

about 
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which  ftiine  by  the  Light  they  receive  from  the  Sun  ; 
that  their  Superficies  cannot  but  be  unequal  like  that  of  the 

Earth, 


about  the  Sun;  that  is,  if  S  befup- 
pofedthe  Center,  and  SB  the  Radius 
of  a  Circle,  BSC  the  Angle  genera¬ 
ted  in  a  Moment  of  Time,  Be  or 
BC  the  Tangent,  Arch  or  Sine  cf 
this  Angle,  and  Cc  the  verfed  Sine 
of  double  this  Angle  ;  then  if  Be  or 
BC  reprefent  the  projeBile  Velocity, 
Cc  will  reprefent  the  gravitating 
Force  :  And  becaufe  (by  the  Property 
of  the  Circle)  Cc 
Tab.  XVIII.  CB2 
Fig.  i.  ~  :  Therefore 

SB 

th c  gravitating  Force  necefiary  to 
make  Bodies  revolve  in  concentrick 
Circles  with  an  equ.ble  Motion, 
mull  be  as  the  Squares  of  their  pro- 
jtEiile  Velocities,  applied  to  the  Ra¬ 
dius’s  of  the  Circles;  or  the  gravi¬ 
tating  Forces  muft  be  in  a  duplicate 
Ratio  of  the  proje&ile  Velocities  di- 
reftly,  and  a  fimple  Ratio  of  their 
Radius’s  inverfely.  And  if  SB  be 
given,  that  is,  if  a  Planet  revolves 
in  the  fame  or  equal  Circles  with 
different  projectile  Velocities,  the 
gravitating  Forces  muft  be  as  the 
Squares  of  thofe  Velocities. 

Carol,  i.  And  becaufe  the  perio¬ 
dical  Times  are  in  a  Ratio  com¬ 
pounded  of  the  Ratio  of  their  Ra¬ 
dius’s  direftly,  and  the  Ratio  of  their 
Velocities  inverfely,  thefe  being  fub- 
ftituted  for  each  other  in  the  Ratio 
CB2 

— — ;  the  centripetal  Forces  will  be 

S  B 

in  a  Ratio  compounded  of  the  Ratio 
of  the  Radius’s  direCtly,  and  the  Ra¬ 
tio  of  the  Squares  of  their  periodi¬ 
cal  Times  inverfely. 

Coral.  2.  And  hence  it  will  alfo 
follow  ;  that  if  the  periodical  Times 
be  in  a  fefquialterate  Ratio  of  the 
Radius’s  (that  is,  the  Squares  of  the 
periodical  Times  as  the  Cubes  of  the 
Radius’s)  and  for  that  Reafon,  the 
Velocities  reciprocally  in  a  fnb- du¬ 
plicate  Ratio  of  the  Radius’s,  the 
Centripetal  Forces  will  be  reciprocal¬ 
ly  as  the  Squares  of  the  Radius’s. 
See  Ntwt.  Princip.  Book  I.  Prop, 
iv.  Cor  2.  and  6. 

It  appears  by  Obfervation  that  in 
the  Revolutions  of  the  Planets  a- 
bout  the  Sun,  and  the  Satellites  about 
the  Planets,  that  the  Squares  of 
their  periodical  Times  are  as  the 
Cubes  of  their  Diftances,  the  gravi¬ 


tating  Force  therefore  by  which  they 
are  retained  in  their  Orbs,  is  every¬ 
where  reciprocally  as  the  Square  of 
their  Diftances. 

And  the  fame  holds  true,  if  they 
are  moved  in  any  Conick  Se&ion  j 
becaufe  there  is  fuch  an  Affinity  be¬ 
twixt  a  Circle  and  thefe  Seclions  ;  a 
Circle  may  be  made  to  pafs  into  an 
EUiplis,  and  an  Ellipfis  into  a  Pa¬ 
rabola,  and  a  Parabola  into  an  Hy¬ 
perbola  ;  and  as  by  the  Property  of 
BC2 

the  Circle - is  e-  Tab.  XVIII, 

Cc  Fig.  1. 

qual  to  the  Diameter, 
fo  in  all  the  other  Se£tions  the  fame 
Quantity  is  equal  to  the  Latut  Rec¬ 
tum:  Wherefore  if  the  projedlile 
Velocity  with  which  the  Body  de¬ 
parts  from  B  be  fuch,  that  in  the 
fame  Moment  of  Time  that  it  de- 
feribes  the  Line  Be,  the  centripetal 
Force  caufes  it  to  move  through  the 
Space  Cc,  the  Body  will  move  in 
fome  of  the  Conick  Se&ions  whofe 


BC2 


Latut  ReElum  will  be  equal  to. 


Cc 

And  they  will  be  of  d'fferent  Species 
according  to  the  different  projedlile 
•Velocities,  and  the  different  directi¬ 
ons  of  them.  See  Princip .  Book  I, 
Prop.  xiii.  Corol.  2. 

Hence  it  follows ;  that  becaufe  the 
Motion  of  a  Planet  is  retarded  as  it 
recedes  from  the  Sun,  and  accelerated 
as  it  approaches  towards  the  Sun, 
the  Planet  always  deferibet  equal 
Areat  in  equal  Timet.  That  is,  if 
the  Planet  by  moving  from  R  to  F 
in  the  Space  of  an 
Hour,  deferibes  the  Tab.  XVIII» 
Triangle  RAF  by  Fig.  2. 

Rays  drawn  to  the 
Sun  ;  the  fame  Planet  in  the  fame 
Space  of  Time,  will  move  in  fuch  a 
manner  from  F  to  L,  or  from  L  to 
O,  or  from  O  to  M,  or  from  N  to  P, 
that  the  Triangles  FAL,  LAO, 
OAM,  NAP,  will  be  equal  to  each 
other,  and  to  the  Triangle  RAF. 

This  noble  Proportion  may  alfo 
be  demonftrated  in  the  following 
manner.  Let  Cc  be  drawn  parallel 
to  the  Line  SB  ; 
then  bepaufe  the  Tab.  XVIII. 
Lines  Cc  and  SB  Fig.  I. 
are  parallel  ;  the 

Triangle 
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Earth,  becaufe  every  Part  of  them  is  vifible,  viewed  every 
Way.  I  know  that  my  Opinion  in  this  Matter,  is 
widely  different  from  that  of  a  great  many  Philofophers, 
who  think  that  they  ought  to  afcribe  all  poffible  Perfec¬ 
tions  to  every  Thing  that  is  contained  in  the  Heavens ; 
and  becaufe  they  believe  that  an  exa6f  fpherical  Figure  is 
in  its  felf  a  real  Perfection,  they  therefore  affirm,  that  the 
Planets  are  perfectly  round.  But  I  freely  depart  from  an 
Opinion  which  has  no  Foundation  to  fupport  it,  and  from 
which  it  would  follow,  that  the  Planets  would  be  vifible 
only  in  a  very  fmall  Part  or  their  Superficies  :  For  upon 
this  Suppofiticn,  all  the  other  Parts  of  them  would  necef- 
farily  refleCt  the  Light  another  Way,  fo  that  it  could  not 
come  at  the  Eye.  Befides,  this  pretended  Smoothnefs  of 
the  Superficies  of  the  Planets  does  not  agree  with  Experi¬ 
ence.  Fhus,  for  Inftance,  we  can  fee  with  a  Telefcope 
towards  the  Edge  of  the  Light  which  falls  upon  the  Body 
of  the  Moon,  certain  dark  or  obfcure  Inequalities,  which 
look  like  Shadows  made  in  the  Valleys  by  Mountains, 
and  which  leffen,  and  at  laft  quite  difappear,  according  as 
the  Sun  fhines  more  or  lefs  diredly  upon  thofe  Places  : 
And  thele  different  dark  or  obfcure  Places,  (  fome  of 
which  certainly  proceed  from  hence,  that  there  are  fome 
Parts  of  the  Moon  which  do  not  refleCt  fo  much  Light 
as  others)  have  given  Occafion  to  a  great  many  People, 
when  they  look  upon  the  Moon,  to  imagine  that  they 
fee  Eyes,  a  Nofe ,  and  Mouth ,  &c.  But  we  fee  nothing 
like  them  when  we  look  through  a  Telefcope. 


Triangle  SCB  will  be  equal  to  tbe 
Triangle  ScB,  and  alfo  equal  to  the 
Triangle  SB  A:  That  is,  becaufe 
AB,  BC  and  CD  are  Lines  moved 
through  in  equal  Times  (by  the  Hy- 
pothefis)  the  equal  Trkngles  ASB, 
BSC,  t$c.  will  be  equal  Areas  de¬ 
scribed  in  equal  Times-  See  Newt. 
Princip.  Book  I.  SeCi.  ii.  Prop,  j. 
This  is  the  Nature  of  the  Motion 
of  all  the  Planets,  as  well  the  pri- 
maiy  Pianets  about  the  Sun,  as  the 
Moons  or  Satellites  about  their  own 
Planets;  except  only  that  they  are 
moved  in  EJlipfes  not  much  different 
from  Circles. 

But  the  projectile  Motion  may  be 
fo  very  quick,  that  the  Ellipfis  in 
which  the  Planet  is  carried  may  be¬ 
come  of  a  very  great  Length  and 

Tab.  XVIIL  VCrjr  excentrkk  >*  fuch 
as  is  here  defcribed. 

And  a  Planet  movir  g 

\  1  : 


in  fuch  an  Orb  is  called  a  Comet. 

Nay,  the  projeftile  Motion  may 
poflibly  be  fo  much  quicker  ftill, 
that  the  Planet  may  be  carried  in  a 
Parabola,  fo  as  never  to  return  a- 
gain :  But  we  do  not  know  of  any 
fuch  Motion  in  Nature. 

Upon  thefe  Principles  theilluftri- 
ous  Sir  Ifaac  Newton,  in  his  wonder¬ 
ful  Book  of  the  Mathematical  Prin¬ 
ciples  of  Philofophy ,  has  explained 
the  true  Syftem  of  the  World,  and 
/hewn  the  true  and  adequate  Caufes 
of  all  the  ccelefLal  Motions  almoll 
beyond  the  Genius  of  a  Man. 

And  in  this,  the  Sagacity  of  Kep¬ 
ler  js  very  wonderful,  who  though  he 
could  not  demonftrate  'the  Caufes  of 
the  cceleftial  Motions ;  yet  he  hit 
oft  the  true  Principles  by  a  furpri- 
fingly  happy  Conjecture.  See  Kep¬ 
ler's  Introduction  to  the  Book  Of 
(be  Motion  of  Mars. 

24  All 
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24.  All  thefe  things  being  fo  ;  we  cannot  but  think  24-  That  all 
that  ( 1)  the  Planets  are  very  like  our  Earth ;  which  would  ^ 
not  appear  otherwife  to  a  Man  that  fhould  look  at  Earth* 


(l)  7 he  Planets  are  very  like  our 
Earth,  See.)  Amongft  the  Ancients, 

<  Heraclides  and  the  Pythagoreans 
e  (acording  to  the  Teftimony  ofP/a- 

*  tarchy  Book  II.  Chap.xiii.  concern- 

*  ing  the  Opinions  of  the  Phiiofo- 
«  phers)  thought  that  every  Star  was 

*  a  World,  having  ^Ether  and  Air 
e  furrounding  their  Earth,  but  efpe- 
f  cially  the  Moon,  which  has  in  it 

*  a  great  many  Mountains,  Cities 

<  and  Houfes.’  Almoft  all  the  reft  of 
them,  thought  that  all  the  Stars  were 
of  a  fiery  Nature.  But  it  appears 
noto,  that  the  Planets  are  all  of  them 
opake  terreftrial  Bodies,  but  fome  of 
them  more  denfe  than  the  Earth, 
for  the  Denfity  of  the  Planets  are 
reciprocally  as  their  Diftances  from 
the  Sun,  multiplied  by  the  Roots  of 
their  apparent  Diameters  feen  fiom 
the  Sun-  Saturn  therefore  is  much 
rarer  than  the  Earth,  and  Mercury 
much  denfer  ;  and  the  Denfity  of  the 
Moon  to  that  of  the  Earth,  is  very 
nearly  as  700  to  387.  Newt.Prin- 
Cip .  Book  III.  Prop.  8.  Cor.  5.  and 
Prop.  37.  Cor.  3.  Phe  Body  of  the 
Moon  therefore  is  denfer  and  more  ter - 
rejlrial  than  ourEarch.  I  wonder  this 
fhould  efcape  the  learned  Mr .LeClerc, 
who  concludes  «he  contrary  from  the 
lame  Principles.  ‘1  be  Moon  is  not  only 
lefs  than  the  Earth ,  about  which  it 
moves,  but  confifts  alfo  of  Matter  lefs 
denfe,  from  the  Princip'e  fo  often  men¬ 
tioned  already ,  that  the  mo  ft  denfe 
1 Things  are  the  beaviejl ,  that  is ,  get 
the  neartfl  of  all  to  the  Center ,  about 
which  they  move.  Natural  Philof. 
Book  l.  Chap.  viii.  Sett.  22. 

But  Galilaeus  fpeaks  very  well  of 
the  Similitude  which  there  is  be¬ 
tween  the  Planets  and  the  Earth,  in 
his  Syftem  of  the  World,  Dial.  1. 
‘  Whether,  fays  be}  there  be  any 

*  Herbs,  Plants  or  Animals  like  ours 
‘  growing  in  the  Moon  or  any  other 

*  Planet,  or  whether  there  be  any 

*  Rain  or  Wind,  or  Lightning  pro- 

*  duced  there,  as  there  is  upon  the 

*  Earth,  I  neither  know  nor  believe ; 

«  much  lefs  that  thexe  axe  Men  d  web 


‘  ling  there.  But  however  I  don’t 

*  fee  how  it  neceffarily  follows,  that 
f  becaufe  there  grows  nothing  there 

*  like  any  of  theThings  here  ;  there- 

*  fore  there  can  be  no  Alteration 

*  made  there  at  all,  nor  no  other 

*  Things  altered,  generated,  anddif- 

*  folved,  which  are  not  only  different 
f  from  ours,  but  fuch  as  we  cannot 

*  have  the  leaft  Notion  of  at  all,  nor 

*  fo  much  as  think  about.  For  as  I 
‘  don’t  doubt  but  that  if  a  Perfon 
(  were  born  and  brought  up  in  a  large 
f  Wood,  amongft  wild  Beafts  and 
‘  Birds,  and  had  never  known  any 
‘  thing  of  the  Element  of  Water, 
‘  it  would  never  have  entered  into 
‘  his  Imagination  to  think, that  there 
f  was  in  Nature  a  World  different 

*  from  the  Land,  full  of  Animals 

*  which  could  move  very  fwiftly 
‘  without  Legs  orWings, and  that  not 

*  upon  the  Superficies  only,  as  Beafts 
‘  doupontheGiound,butatthevery 
‘  Bottom  of  all,  and  not  only  fi>,  but 
c  they  can  ftand  ftill  in  any  Place, 
(  which  is  more  than  Birds  can  do 
f  in  the  Air.  Nay  further,  that  Mem 
e  dwell  there  and  build  Palaces  and 
‘  Cities  ;  and  that  they  have  fo  quick 

*  a  Method  of  Travelling,  that  they 
(  can  without  anyPains  remove  their 
‘  wholeFamilies,  Houfes, and  the  very 

*  Cities  themfelves  into  the  raoft  di- 

*  ftant  Countries  j  as  I  fay  it  is  very 
(  certain,  that  fuch  a  Perfon,  tho* 

*  he  had  never  fo  quick  an  Imagina- 
‘  tion,  would  nei^er  think  of  Fifties^ 
(  of  the  Ocean,  of  Ships,  and  Fleets  j 
(  fo  it  may  equally,  nay  much  more 

*  probably  be,  tha*  in  the  Moon, 
‘  which  is  at  fo  great  a  Diftance  from 

*  us,  and  the  Matter  of  which  may 
‘  perhaps  be  fo  very  different  from 

<  that  of  our  Earth,  there  may  exift 

*  fome  Beings,  who  may  att  in  a 
f  Manner  which  we  can  have  na 
c  Notion  of,  and  intirely  different 

<  from  us,  as  having  no  Refemblance 
e  at  all  to  us,  and  therefore  fuch 
‘  as  can  in  no  wife  enter  into  our 
f  Thoughts.  ’  See  alfo  Hugenius't 
Plane' ary  Worlds }  Book  I, 


it 
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it  from  the  Moon  (i)  than  the  Moon  does  to  a  Man  who 
beholds  it  from  the  Earth.  Not  that  I  would  venture  to 

affirm. 


(i)  T ban  the  Moon  does  to  a  Man, 
&c.)  Befides  the  Similitude  that 
there  is  betwixt  the  Planets  and  our 
Earth,  with  refpeft  to  the  Bodies  of 
them,  and  the  Things  contained  in 
them  ;  there  is  alfo another  Similitude 
between  them  with  regard  to  exter¬ 
nal  Things,  viz;,  the  Phaenomena  of 
thecceleftial  Motions,  and  the  mutual 
Afpedts  of  the  Planets  obferved  from 
thence.  Which  Subjedl  Hugenius  in 
hisPlanetaryWorlds,  Book  II.  having 
treated  very  pleafantly  and  very  a- 
ilronomically,  we  will  here  pick  a 
tew  Things  out  of  him,  and  will 
fuppofe,  that  there  are  fome  rational 
Creatures  in  every  one  of  the  Pla¬ 
nets,  capable  of  obferving  the  Moti¬ 
ons  and  Phaenomena  of  the  Heavens 
from  thence. 

*  To  begin  then,  fay;  he,  with  the 

*  innermoft  and  neateft  the  Sun  ;  we 

*  know  that  Mercury  is  three  Times 

*  nearer  that  vaft  Bcdy  of  Light 

*  than  we  are  ;  whence  it  follows, 

*  that  they  fee  him  three  times  big— 

*  ger,  and  feel  him  nine  times  hotter 
€  than  we  do.  Such  a  Degree  of 
c  Heat  would  be  intolerable  to  us, 
e  and  fet  on  fire  all  our  dried  Herbs, 

*  our  Hay  and  Straw  that  we  ufe. 

*  And  yet  there  is  no  doubt  but  that 

*  the  Animals  there,  are  made  of 

*  fuch  a  Temper,  as  to  be  but  mo- 

*  derately  warm, and  the  Planets  fuch 

*  as  to  be  able  to  endure  the  Heat. 
f  The  Inhabitants  of  Mercury ,  ’tis 

*  likely,  have  the  fame  Opinion  of  us 
c  that  we  have  of  Saturn ,  that  we 

*  mull:  be  intolerably  cold,  and  have 

*  little  or  no  Light, we  are  fo  far  from 

*  the  Sun - The  Aftronomy  of 

*  thofe  that  live  in  Mercury,  and  the 

<  Appearance  of  the  Planets  to  them, 
c  oppofite  at  cer»ainTimes  to  the  Sun, 
‘  may  be  eafi'y  conceived  by  the 

*  Scheme  of  the  Copernican  Syftem. 

*  At  the  Times  of  thefe  Oppositions, 
€  Venus  and  the  Earth  muft  needs 

<  appear  very  bright  and  large  to 
4  them.  For  if  Venus  ftiines  fo  glo- 

*  rioufiy  to  us  when  fhe  is  but  like 
e  the  Moon  a  iittle  after  it  is  new  j 

*  fhe  muft  necelfarily  in  Oppofition 
‘  to  the  Sun,  when  the  is  full,  be  at 

*  icaft  fix  cr  l'even  times  larger,  and 


a  great  deal  nearer  to  thelnhabitants 
of  Mercury ,  and  afford  them  Light 
fo  ftrong  and  bright,  that  they  have 
no  Reafon  to  complain  of  their 
want  of  a  Moon.  What  the  Length 
of  their  Days  are,  or  whether  they 
have  different  Seafons  in  the  Y ear, 

is  not  yet  difcovered,  - -but  his 

Year  is  fcarce  the  fourth  Part  fo 
long  as  ours. 

*  The  Inhabitants  of  Venus  have 
much  the  fame  Face  of  Things  as 
thofe  in  Mercury,  only  they  never 
fee  him  in  Oppofition  to  the  Sun, 
which  is  occafioned,  by  his  never 
removing  above  thirty  eight  De¬ 
grees  or  thereabouts  from  it.  The 
Sun  appears  to  them  larger  by  half 
in  his  Diameter,  and  above  twice  as 
big  a  Face,  as  to  us,  and  by  Confe- 
quence  affords  them  but  twice  as 
much  Light  and  Heat,  fo  that  they 
aie  nearer  our  Temperature  than 
Mercury,  TheirYearis  compleated 
in  feven  of  our  Months  and  a  half. 
In  the  Night,  our  Earth,  when  it 
is  on  the  other  Side  of  the  Sun  from 
Venus,  muft  needs  feem  larger  and 
brighter  to  Venus  than  fhe  ever  doe« 
to  us* 

i  But  Mars  has  fome  Parts  of  him 
darker  than  other  fome.  By  the 
conftant  Returns  of  which,  his 
Nights  and  Days  have  been  found 
to  be  of  about  the  fame  Length 
with  ours.  But  the  Inhabitants  have 
no  perceivable  Difference  between 
Summer  and  Winter,  the  Axis  of 
that  Planet  having  very  little  or  no 
Inclination  to  his  Orbit,  as  has  been 
difcovered  by  the  Motion  of  his 
Spots.  Our  Earth  muft  appear  to 
them  almoft  as  Venus  does  to  us, 
and  by  the  help  of  aTelefcope  will 
be  found  to  have  its  Wane,  Increafe 
and  Full,  like  the  Moon.  -—His 
Light  and  Heat  is  twice,  and  fome- 
times  three  times  lefs  than  ours, 
to  which  I  fuppofe  the  Conftitution 
of  the  Inhabitants  is  anfwerable. 

*  In  Jupiter  the  Length  of  their 
Days  are  equal  only  to  ten  of  our 
Hours  5  but  their  Years  ate  equal  to 
twelve  of  ours,  and  they  enjoy  a 
perpetual  Equinox  there.  The  Sun 
appears  to  them  who  are  upon  it 

‘  five 
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affirm,  that  there  are  living  Creatures  in  the  Moon,  or 
that  they  generate  in  the  fame  manner  as  upon  the  Earth, 
becaufe  though  this  be  a  thing  poffible,  yet  it  is  alfo 
poffible  that  it  may  not  be  fo.  For  in  things  which 
cannot  be  certainly  determined  by  Reafon,  I  think  it 
very  ralh  to  perfiib  in  an  Opinion  contrary  to  the  com¬ 
mon  Notions. 


five  times  lefs  in  Diameter,  than  it 
does  to  us,  and  confequently  they 
have  but  the  twenty  fifth  Part  of 
the  Light  and  Heat  that  we  receive 
from  it.  But  that  Light  is  not  fa 
weak-  as  we  may  imagine,  as  is 
plain  by  theBrightnefsof  that  Pia- 
net  in  the  Night  j  and  alfo  from 
hence,  that  when  the  Sun  is  fo  far 
eclipfed  to  us, as  that  only  a  twenty- 
fifth  Part  of  his  Disk  remains  un¬ 
covered,  he  is  notfenfibiydarkned. 
But  if  you  have  a  Mind  exa£l!y  to 
know  the  Quantity  of  Light  that 
Jupiter  enjoys,you  may  takeaTube 
of  what  Length  you  pleafe,  let 
one  End  of  it  be  clofed  with  a 
Plate  of  Brafs  or  any  fuch  Thing, 
in  the  Middle  of  which  there  mull 
be  a  Hole,whofe  Breadth  mull  have 
the  fame  Proportion  to  the  Length 
of  the  Tube,  as  a  Chord  of  fix  Mi¬ 
nutes  bears  to  the  Radius  }  that  is, 
about  as  one  is  to  five  hundred  and 
feventy ;  Let  the  Tube  be  turned 
fo  to  the  Sun, that  no  Light  may  fall 
upon  a  white  Paper  placed  at  the 
End  of  it,  but  what  comes  through 
the  little  Hole  at  the  other  End 
of  the  Tube.  The  Rays  that  come 
through  this  will  reprefentthe  Sun 
upon  the  Paper,of  rhe  fame  Bright- 
nefs  that  the  Inhabitants  of  Jupiter 
fee  it  in  a  clear  Day.  And  if  you 
remove  the  Paper  and  put  your  Eye 
in  the  fame  Place,  you  will  fee  the 
Sun  of  the  fame  Magnitude  and 
Brightnefs  as  you  would  were  you 
in  Jupiter.  If  you  make  the  Hole 
twice  as  little  in  Diameter,  there 
will  fall  upon  the  Paper  and  upon 
the  Eye,  the  fame  Light  as  the  In¬ 
habitanti  of  Sa'urn  have.  And 
although  this  Light  oe  but  a  hun¬ 
dredth  Part  of  our»,  yet  you  fee 
it  makes  Saturn  fhine  tolerably 
bright  in  a  dark  Night*’  Further, 


they  in  Saturn  can  fee  but  one  of  the 
other  Planets,  and  that  is  Jupiter  ; 
fo  likewife  they  in  Jupiter  can  fee 
only  Saturn ,  for  the  reft  are  too 
near  the  Sun  to  be  feen.  The  fixed 
Stars,  by  Reafon  of  their  immenfe  Di- 
ftance,  may  be  feen  from  Saturn  and 
Jupiter ,  in  the  very  fame  manner  and 
in  the  fame  Figures,  and  diftinguilh’d 
with  the  fame  inequality  of  Light,  as 
we  fee  them.  It  is  not  to  be  doubted 
but  that  Saturn  by  his  five  Moons, 
and  Jupiter  by  his  four,  have  a  great 
Advantage  above  us  with  our  one 
Moon.  But  the  raoft  furprifing  Phae¬ 
nomena,  muft  neceffarily  be  pro¬ 
duced  by  that  Ring  which  we  men¬ 
tioned  furrounding  him.  There  is 
alfo  a  very  great  Difference  betwixt 
Summer  and  Winter  in  Saturn,  be¬ 
caufe  of  the  great  Inclination  of  his 
Axis  to  the  Plane  of  his  Orb,  which 
is  thirty  one  Degrees,  whereas  ours 
is  but  twenty- three  Degrees  and  a 
half.  A  Year  in  Saturn  is  equal  to 
thirty  of  our  Years  ;  but  what  the 
Length  of  the  Day  is,  is  not  yet  found 
out. 

Lafily ,  The  Moon  is  divided  into 
two  Hemifpheres  in  fuch  a  manner, 
that  they  who  inhabit  one  of  them, 
have  always  a  Sight  of  our  Earth,  and 
they  who  inhabit  the  other, never  fee 
it  ar.  all.  They  alfo  fee  our  Earth, 
much  larger  than  the  Moon  appears 
to  us  (and  which  is  very  wonderful) 
hanging  always  at  the  fame  Height 
above  the  Horizon  as  if  it  never  mo¬ 
ved,  and  turning  about  its  Axis  in 
twenty  -four  Hours,  and  its  Light  In- 
creating.  Full,  and  Decreafing  every 
Month  The  Moon  alfo  receives 
from  us  fifteen  times  as  much  Light 
as  we  do  from  it :  The  Sun  alfo  rifes 
and  fets  once  in  every  Month  of  ours, 
which  makes  the  Days  and  Nights 
very  long. 
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CHAP.  XXVI. 

Of  COMETS. 

t.  Why  we  “117*  H  E  N  I  gave  an  Account  of  the  Obfervations  of 
treat  of  Co-  ?V  the  feveral  cceleftial  Bodies;  I  fhould  have  menti- 
’piace.  tMS  one(l  thofe  made  from  Time  to  Time  about  Comets  ;  but 
I  purpofely  forbore  this,  becaufe  I  know  that  they  are 
not,  in  the  common  Opinion  of  Philofophers,  reckoned 
amongft  the  heavenly  Bodies ;  and  becaufe  I  was  un¬ 
willing  to  increafe  the  Difficulty  of  the  Subject  I  was 
handling,  by  adding  a  Thing  which  requires  much  At¬ 
tention,  and  which  is  but  little  under  flood  hitherto.  But 
now,  feeing  Men  have  always  had  a  great  Curiofity  to 
underfland  the  Nature  of  Comets,  I  think  I  ought  not 
fo  far  to  lay  afide  this  Matter,  as  not  to  fay  at  leaft  what 
is  mofl  certainly  known  about  it ;  leaving  it  to  them 
who  fhall  come  after,  to  philofophife  in  a  different  Man¬ 
ner,  if  any  new  Obfervations  that  fhall  at  any  time  be 
made,  oblige  them  to  alter  our  Hypothecs,  or  to  mend 
our  Opinion. 

a. What  we  2.  We  mean  by  Comets ,  certain  luminous  Bodies, 
mean  by  a  which  fometimes  appear  amongft  the  Stars,  and  feem  of 
different  Magnitudes,  fometimes  about  the  Bignefs  of 
Mars ,  Jupiter )  and  Saturn .  Their  Light  is  very  weak 
and  faint,  fo  that  when  the  Sky  is  mofl  clear,  they  ap¬ 
pear  no  brighter,  than  Mars ,  Jupiter ,  and  Saturn  do, 
when  it  is  a  little  Foggy. 

3.  of  the  3*  The  Body  of  a  Comet  is  ufually  attended  with  cer- 
Aays  which  tain  Rays  of  Light,  which  are  weaker,  the  more  diflant 
SfiZi  IT  Srow?  anc^  which  always  diffufe  themfelves  accord- 
dies  of  Co-  ing  to  a  certain  Rule,  which  is  well  worth  obferving, 
viz.  If  the  Comet  be  very  nearly  in  Oppofition  to  the 
Sun,  thefe  Rays  diffufe  themfelves  equally  all  round  it, 
and  look  as  if  it  were  furrounded  with  Hair ;  whereas  if 
it  be  in  any  other  Pofition  with  refpedl  to  the  Sun,  they 
always  extend  themfelves  to  that  Part  of  the  Heavens 
which  is  oppofite  to  the  Sun  :  Thus  if  the  Sun  be  Eaft 
of  the  Comet,  it  will  dart  its  Rays  towards  the  Weft; 
if  the  Sun  be  W eft  of  it,  it  will  dart  its  Rays  towards  the 
Eaft  ;  and  when  all  its  Rays  are  fent  forth  in  this  man¬ 
ner  towards  one  Side,  they  will  appear  of  a  great  Length, 
fo  as  fometimes  to  take  up  almoft  a  twelfth  Part  of  the 
whole  Compafs  of  the  Heavens, 


4,  There 
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4.  There  is  no  certain  Rule  for  determining  theTimes 
when  any  Comets  will  appear  ;  there  are  fometimes  a 
great  many  Years  without  any  appearing,  fometimes  more 
than  one  appear  in  lefs  than  two  Months. 

5.  Neither  can  the  Part  of  the  Heavens  where  they 
begin  fir#  to  appear,  be  determined  ;  fometimes  they 
are  firft  feen  near  the  Ecliptick,  and  at  other  Times  near 
the  Poles  of  the  World. 

6.  Nor  can  we  certainly  tell  how  long  they  will 
continue  to  be  feen  ;  for  fome  have  appeared  only  for 
a  few  Days,  whereas  others  have  been  feen  for  feveral 
Months. 

7.  One  principal  Circumftance  to  be  obferved  is,  that 
a  little  before  a  Comet  ceafes  entirely  to  be  feen,  we 
fee  its  apparent  Magnitude  diminifh  gradually  every  Day, 
and  alfo  its  Light  grows  weaker  and  weaker. 

8.  They  all  feem  to  turn  about  the  Earth  every  Day 
from  Eaft  to  Weft,  and  to  defcribe  Circles  parallel  to 
the  Equator  very  nearly.  But  befides  this  apparent  Mo¬ 
tion,  which  is  common  to  all  the  Stars  ;  they  have  a 
Motion  in  the  Heavens,  which  is  peculiar  to  them,  and 
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which  has  no  certain  Rule  by  which  it  can  be  deter¬ 
mined  ;  for  fometimes  they  move  towards  the  Eaft, 
fometimes  towards  the  Weft,  and  fometimes  towards 

any  other  Part.  .  < 

9.  The  Velocity  of  this  Motion,  which  is  peculiar  to 
them,  is  not  the  fame  in  all  Comets,  but  very  different 
and  unequal ;  for  fome  run  through  more  Degrees  in  a 
great  Circle  than  others  do  :  Likewife  the  Velocity  of 
the  Motion  of  the  fame  Comet  is  not  the  fame  every 
Day  ;  for  the  Arches  which  it  defcribes  every  Day,  are 
fometimes  bigger  and  fometimes  leis  ;  however,  they 
are  in  fuch  a  Manner,  that  if  a  great  many  ftreight  Lines 
be  drawn  from  the  Center  of  the  Earth  to  the  feveral 
Places  where  the  Comet  appears  every  Day  at  the  fame 
Hour,  they  will  divide  the  Tangent  which  belongs  to 
the  Place  of  the  Comet’s  Orb  where  it  moved  fwiftek, 
into  very  nearly  equal  Parts. 

10.  Neither  is  the  Courfe  which  they  take  always  the 
fame;  fome  of  them  run  through  a  much  greater  Part  Cometf 
of  the  Pleavens  than  others  do ;  but  however  different 

a  Compafs  in  the  Heavens  they  have  gone  through, 
there  have  been  none,  or  at  leaft  very  few,  that  have 
been  obferved  to  defcribe  more  than  half  a  great  Cir¬ 
cle,  that  is,  to  have  palled  through  more  than  half  the 
Heavens. 
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11.  When  a  Comet  darts  its  Rays  the  fame  Way 
that  it  is  carried  in  the  Heavens  by  its  own  proper  Mo¬ 
tion,  thefe  Rays,  are  called  its  Beard.  On  the  con¬ 
trary,  when  they  extend  themfelves  to  that  Part  of  the 
Heavens  which  is  contrary  to  the  Direction  of  its  pro¬ 
per  Motion,  they  are  called  its  Tail ;  and  when  they 
difFufe  themfelves  equally  all  round  it,  they  are  called 
its  Hair.  Thus  the  Comet  which  appeared  lately,  about 
the  Beginning  of  the  Month  of  December  in  the  Year 
1664,  in  the  Southern  Part  of  the  World,  and  on  the 
Eaft  of  which  the  Sun  then  was  ;  becaufe  it  darted  its 
Rays  towards  the  Weft,  the  fame  Way  that  it  tended 
by  its  own  proper  Motion,  was  faid  to  be  bearded ; 
afterwards  when  it  came  to  be  in  Oppofition  to  the 
Sun,  it  appeared  hairy  ;  and  at  laft  the  Sun  getting 
Weft  of  it,  the  Rays  which  extended  themfelves  to¬ 
wards  the  Eaft,  feemed  like  a  Tail.  And  that  Comet 
which  appeared  a  little  after,  in  the  Northern  Part  of 
the  World,  on  the  Eaft  of  which  the  Sun  then  was  ; 
becaufe  it  went  towards  the  Eaft  by  its  own  proper 
Motion  ;  the  Rays  which  darted  towards  the  Weft  com- 
pofed  the  Tail  lirft,  which  it  continued  to  be  feen  with 
for  feveral  Days,  and  then  approached  nearer  the  Sun, 
which  deprived  us  of  the  Sight  of  it,  and  it  has  not  ap¬ 
peared  fince. 

12.  In  order  to  explain  the  Nature  of  Comets,  fome 
of  the  Philofophers  which  lived  before  Arijlotle ,  taught, 
that  the  Heavens  contained  not  only  thofe  vifible  Stars, 
which  Aftronomers  have  at  all  Times  endeavoured  to 
find  out  the  Motions  of  $  but  that  they  alfo  contained 
an  innumerable  Company  of  others,  which  are  fo  fmall 
by  Reafon  of  their  great  Diftance  from  the  Earth,  that 
they  cannot  be  feen  :  They  add  further,  that  thefe 
fmall  Stars  had  a  proper  Motion  of  their  own  accord¬ 
ing  to  all  Sorts  of  Directions  imaginable  ;  and  that  their 
Periods  were  finifhed  in  very  unequal  Times.  As  a 
Confequence  of  this,  they  affirmed,  that  a  Comet  was 
nothing  elfe  but  a  Heap  of  thefe  fmall  Stars  got  toge¬ 
ther  ;  that  their  Meeting  thus  in  a  particular  Place  in 
the  Heavens,  was  owing  to  their  unequal  Motion  5  that 
this  Meeting  together  made  them  vifible  ;  and  that  they 
ceafed  to  be  feen,  when  they  were  all  feparated  from 
each  other,  by  continuing  to’  move  on  with  their  par¬ 
ticular  Directions.  But  this  is  net  at  all  likely,  and 
has  more  of  Subtlety  than  Probability  in  it  ;  not  be¬ 
caufe  there  are  not  a  fufficient  Number  of  fmall  Stars 

for 
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for  this  Purpofe  (for  there  are  more  to  be  feen  through 
a  T elefcope,  than  would  compofe  fuch  a  Comet ; )  but 
becaufe  we  cannot  conceive  how  it  is  poffible  for  them  to 
meet  together  in  fuch  a  manner  in  one  Body,  in  all 
thofe  Places  where  Comets  appear ;  and  chiefly  becaufe 
we  can  much  lefs  apprehend  the  Dependence  of  the  Mo¬ 
tion  of  thefe  Stars  upon  the  Pofition  of  the  Sun,  fo  that 
according  to  the  various  Situation  thereof,  thefe  Stars 
fhould  reprefent  fometimefc  Hair ,  at  other  Times  com¬ 
pofe  the  Beard ,  or  Tail ,  of  a  Comet. 

13*  Thi$  Opinion  was  reje&ed  by  Arijlotle ,  who  af- 
firmed,  that  Comets  were  certain  Fires  caufed  by  Ex-  , 

halations  raifed  out  of  the  Earth,  and  kindled  in  the  fhewn  t0  fo 
upper  Regions  of  the  Air  ;  and  he  believed  that  they  falfe» 
were  a  great  deal  lower  than  the  Moon.  But  this  Opi¬ 
nion  has  no  more  Probability  in  it,  than  the  foregoing 
one  ;  for  befides  that  it  is  very  unlikely  that  the  Earth 
fhould  furnifh  a  fufRcient  Quantity  of  Vapours  to  feed 
fo  great  a  Fire  all  that  Time  which  a  Comet  fometimes 
appears  ;  it  would  follow  if  this  were  fo,  that  the  Light 
of  this  Fire  is  independent  of  the  Sun,  and  confequently 
that  a  Comet  might  dart  its  Rays  in  fuch  a  manner  as 
not  at  all  to  depend  upon  the  Situation  it  has  with  refped 
to  the  Sun.  But  that  which  entirely  overthrows  this 
Opinion  of  Arijlotle  is,  that  Aftronomers  who  lived  a- 
bout  two  hundred  Years  ago,  and  where  defirous  to  find 
out  the  Diftance  of  the  Comets,  which  appeared  in  their 
Time,  from  the  Earth,  could  not  obferve  that  they  had 
any  fenfible  Parallax  at  all  ;  which  could  not  be,  if  Co¬ 
mets  were  nearer  us  than  the  Moon,  for  the  Moon  has  a 
fenfible  Parallax. 

14.  We  may  obferve,  that  thefe  Aftronomers  who  »4*  Mere 
could  not  find  any  Parallax  in  the  Comets,  (which  "  nt°b^a/^t 
fhews  that  they  are  at  a  vaft  Diftance)  contented  them-  comets  are 
felves  with  only  fhewing,  that  Arijlotle ’s  Opinion  was  nearer  than 
falfe,  who  placed  them  in  the  Air  :  And  •  it  was  fuffi- 

cient  for  this  Purpofe,  to  make  it  appear  that  they  were 
higher  than  the  Moon.  But  by  their  Obfervations  and 
Calculations,  we  may  colled:  that  they  are  further  di- 
Rant  from  the  Earth  than  Saturn  ;  wherefore  if  there  can 
be  any  other  Arguments  brought  to  convince  us  that  they 
are  beyond  this  Planet,  we  ought  not  to  make  any  Diffi¬ 
culty  in  placing  them  beyond  him. 

15.  And  this  is  indeed  done  by  a  late  eminent  Philo-  1  5.  A  new 
fopher,  who  is  the  firil  that  has  explained  the  Nature  Conjecture 

Vox..  II.  F  2  oC/X?„ 
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of  the  heavenly  Bodies,  in  that  excellent  Book  which 
he  has  wrote  concerning  the  Principles  of  Philofophy  : 
For  he  being  affined  that  there  are  a  great  Number  of 
fixed  Stars,  befides  thofe  that  can  be  difcovered  by  us  ; 
and  thinking  that  fome  of  thefe  might  quit  the  Place 
of  the  Heavens  they  were  in  (as  well  as  fome  of  them 
which  were  feen  by  the  Ancients,  but  cannot  be  feen 
now,  have  probably  quitted  theirs  ; )  he  conjectures, 
that  what  we  call  a  Comet,  is  nothing  elfe  but  one  of 
thofe  Stars,  which,  being  by  Degrees  covered  with  Spots 
all  over,  fo  as  entirely  to  lofe  its  Light,  cou]4  no  longer 
keep  its  Place  amongft  the  other  Stars,  but  was  carried 
away  by  one  of  their  Vortexes,  which  imprefied  a  Mo¬ 
tion  upon  it  proportionable  to  its  Bignefs,  and  Solidity, 
by  which  means  it  may  come  very  near  the  Heaven  of 
Saturn ,  where  the  Light  which  it  receives  from  the  Sun 
may  make  it  vifible. 

jb.  That  the  ^  As  t0  t]ie  RayS  which  feem  to  compofe  the 

Appearance  Beard, ,  Tail ,  or  Hair  of  a  Comet  ;  we  ought  not  to 
of  the  Beard,  think  that  they  are  caufed  by  any  particular  matter 
JfaCcrm™  which  attends  the  Body  of  the  Comet  ;  becaufe  we 
is  mt  in  the  cannot  fee  how  the  Pofition  of  this  matter  and  the 
place  where  Pofition  of  the  Sun  can  be  in  fuctua  manner  adjufled 
'httobe t0  to  each  other  ;  and  becaufe  of  the  prodigious  Distance 
which  this  matter  muft  extend  itfelf  to,  (the  Tail  of 
a  Comet  taking  up  fometimes  a  twelfth  Part  of  the 
whole  Compafs  of  the  Heavens  ;  )  both  which  make 
it  very  difficult  to  comprehend  how  fuch  matter  fhould 
always  accompany  the  Body  of  a  Comet. 

17 .That tie  i y.  Neither  are  we  to  think,  that  the  Appearance  of 

^aU^that  ^  Rays  depends  upon  a  Caufe  like  that  which  makes 
•which  caufet  tis  fee  Rays  of  Light  about  a  Candle  when  we  look  up- 
Rays  to  be  on  it  winking  our  Eyes  ;  for  thefe  ceafe  entirely  to  ap¬ 
pear,  if  we  place  an  opake  Body  between  our  Eye  and 
the  Candle  fo  as  wholly  to  cover  the  Flame  of  it  ; 
whereas,  if  the  Body  of  the  Comet  be  wholly  covered, 
we  fhall  yet  fee  the  Beard ,  Tail ,  or  Hair. 

38. 71: af  the  1 8.  But  our  Opinion  of  this  Phenomenon  is,  that  it  is 
Beard, Tail,  caufed  by  the  Rays  of  Light  reflected  from  the  Body  of 
°a  Comi* arc  ^ie  Comet,  which  being  refradted  in  the  intermediate 
Jem  by  Re .  Space,  are  fo  received  by  the  Eye,  as  if  they  came  from 
fraEhon.  thofe  Places  in  the  Heavens,  where  we  fee  the  Hair , 
lew  Conjee*  Beard >  or  Tail  of  the  Comet. 

ture  agrees  1 9.  I  could  eafily  jfhew  that  this  Conjecture  agrees 

"pbanomela  Per^e(-'^)r  we^  with  all  the  Phaenomena  of  Comets  ; 
*f  the  c™  kQt;h  with  regard  to  the  Inequality  of  their  Appearances, 

Motions, 
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Motions,  Duration  and  apparent  Magnitudes  ;  and  with 
regard  to  the  Diverfity  of  Rays  with  which  they  are 
attended  :  But  becaufe  all  thefe  Things  are  admirably 
well  handled  in  the  fore-mentioned  Book  ;  and  becaufe 
fuch  an  Undertaking  would  carry  me  too  far  out  of 
my  Way,  I  fhall  fay  no  more  ;  nor  will  I  examine  now 
whether  it  be  true,  that  the  Appearance  of  a  Comet  pre- 
fages  any  Calamity  ;  for  the  Solution  of  this  Difficulty, 
if  it  be  one,  may  be  deduced  from  what  I  fhall  fay  in 
the  following  Chapter  concerning  the  Influences  of  the 
Stars  (i). 


(i)  BecaufejComets  arebutfeldom 
feen,  and  there  Nature,  Motion,  Di- 
ftance,  Tails,  &c.  have  been  but  of 
late  Years  accurately  obferved  $  I  will 
here  give  you  the  principal  Phaeno. 
xnena,  by  which  all  Hypothefes  ought 
to  be  tryed  and  examined. 

Firft  then ,  the  Comets  which 
move  forward  according  to  the  Order 
of  the  Signs,  are  all  of  them  a  little 
flower  than  ufual  or  retrograde,  be¬ 
fore  they  difappear,  if  the  Earth  be 
betwixt  them  and  the  Sun  j  or  elfe 
they  are  quicker  than  ordinary,  if  the 
Earth  be  on  the  oppofite  Side  :  And 
on  the  other  Hand ;  thofe  which  go 
contrary  to  the  Order  of  the  Signs, 
are  quicker  than  ufual,  if  the  Earth 
be  betwixt  them  and  the  Sun  j  or 
flower  than  ufual,  or  ell'e  retrograde, 
if  the  Earth  is  on  the  oppofite  Side. 

2.  So  long  as  they  move  very  quick, 
they  go  almofl:  in  great  Circles,  but 
at  the  End  of  their  Courfe  they  de¬ 
viate  from  thefe  Circles,  and  when¬ 
ever  the  Earth  moves  oneWay,  they 
go  the  contrary. 

3.  They  move  in  Ellipfes,  whofe 
Focus’s  are  in  the  Center  of  the  Sun, 
and  if  Rays  be  drawn  from  them  to 
the  Sun,  they  deferibe  Areas  propor¬ 
tionable  to  the  Times. 

4.  The  Light  of  their  Head  in- 
creafes  as  they  go  from  the  Earth  to¬ 
wards  the  Sun,  and  decreafes  as  they 
come  from  the  Sun  towards  the 
Earth. 

5.  Their  Tails  appear  largeft  and 
brighteft  immediately  after  they  have 
pafled  by  the  Sun. 

6.  Their  Tails  are  not  diredliy 
oppofite  ro  the  Sun,  but  always  de¬ 
cline  towards  thofe  Parts  where  their 
Heads  were  before  as  they  moved 
along  in  their  Orbs. 

7.  And  this  Deviation  is,  catcris 


paribus ,  lefs  when  thdir  Heads  ap¬ 
proach  near  the  Sun,  and  lefs  to¬ 
wards  the  Head  of  the  Comet,  than 
towards  the  Extremity  of  the  Tail. 

8.  TheTails  are  fomewhal  bright¬ 
er,  and  terminated  more  diftindliy 
on  the  convex  than  on  the  concave 
Side. 

9.  The  Tails  always  appear  broad¬ 
er  towards  the  further  End  of  them, 
than  they  do  towards  the  Head  of  the 
Comet. 

jo.  TheTails  are  tranfparent,  and 
the  fmalleft  Stars  may  be  feen  thro* 
them. 

Thefe  are  the  principal  Phaenome¬ 
na  of  Comets  j  and  it  is  eafy  to  fee 
how  little  they  agree  with  the  weak 
Conjedtures  of  the  Ancients,  and  the 
*  not  very  lucky  Ones  of  the  greatefl 
part  of  the  modern  Philofophers  j 
not  to  take  Notice  of  thefe  therefore, 
I  fliall  briefly  explain  what  feems  to 
come  neareft  to  the  Truth.  There 
were  l'ome  amongft  the  Anoients  (as 
Pliny  tells  us,  Book  II.  Cbap.  25.) 

*  who  thought  that  thefe  Stars  were 
‘  perpetual  and  came  round  in  their 
‘  Orbits,  but  could  not  be  feen  unlefs 

*  they  were  within  reach  of  the  Sun.* 
But  Seneca  is  clearer,  *  1  cannot 

*  fays  be,  [Nat.  Qnseft.  Book  VII.) 
f  agree  to  the  common  Opinion  ; 

*  for  I  don’t  think  that  a  C  imet  is 
(  a  fudden  Fire,  but  one  of  the  lading 

(  Works  of  Nature, - And  why 

i  flrould  we  wonder  that  Comet?, 

*  which  are  Sights  fo.feldom  to  be 

*  feen  in  the  World,  fhould  move  by 

*  Laws  as  yet  to  us  uncertain,  and 

*  their  beginnings  and  endings  be  hi- 
c  therto  unknown,whentheirReturns 

*  are  at  fuch  great  Diftances? — The 

*  Time  will  come,  when  the  Dili— 

*  gence  of  future  Ages  will  bring  to 
<  Light  what  now  lies  hid — The 

F  3  Tims 
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*  Time  will  come  when  Pofterity 

4  will  wonder  that  we  were  ignorant 
4  of  fuch  plain  Things.. - Some 

*  body  will  demonftrate  at  one  Time 

*  or  other,  the  Ways  in  whifch  the 

*  Comets  wander,  and  ftiew  why 
€  they  move  fo  differently  from  the 

*  reft,  and  what  fort  of  Things  and 

*  how  big  they  are.’ 

This,  the  famous  Sir  IfaacNewton 
has  done  in  our  Days,  whofe  Opini¬ 
on  is,  in  fhort  this  :  Comets  are  fo- 
lid,  compa&,  fixed 
Tab.  XVIJI.  and  lafting  Bodies, 
Fig.  3.  in  a  Word,  a  fort  of 

Planets  which  move 
with  an  oblique  Determination  all 
ways  very  freely,  and  continue  in 
Motion  a  very  great  while,  contrary 
to  the  Courfe  of  the  Planets.  Their 
Tail  is  a  very  thin  Vapour,  which 
the  Head  of  the  Comet  fends  forth 
when  it  is  heated  by  the  Sun. 

This  being  fuppofed,  It  is  evident 
fir  ft,  lb  at  the  Comets  •which  move 
forward  according  to  the  Order  of  the 
■ Signs ,  ought  tp  appear  to  move  f lower 
than  ufual ,  or  to  be  retrograde ,  if  the 
Earth  be  betwixt  them  and  the  Sun  : 
Jlnd  on  the  contrary ,  thofe  which  go 
contrary  to  the  Order  of  the  Signs  ,&c. 
Becaufe,  as  they  do  not  wander  about 
amongft  the  fixed  Stars,  bat  only  a- 
mongft  the  PJanets,  fo  they,  like  the 
Planets,  according  as  the  Motion  of 
the  Earth  confpires  with  or  is  con¬ 
trary  to  theirs  j  muft  feem,  fometimes 
to  move  quicker,  fometimes  flower, 
and  fometimes  to  be  retrograde. 

2.  Comets ,  fo  long  as  they  move 
quicker  ,mufl  go  almofi  in  great  Circles, 
but  in  the  End  of  their  Courfe,  they 
ought  to  deviate ,  &c.  Becaufe,  at 
the  End  of  their  Courfe,  when  they 
go  almcft  d’reftjy  f,om  the  Earth, 
£hat  Part  of  their  apparent  Motion 
which  arifes  from  the  Parallax,  bears 
a  greater  Proportion  to  the  whole  ap¬ 
parent  Motion. 

3.  Comets  ought  to  move  in  EllipfeS, 
•wb'fe  Focus's  are  in  the  Center  of  the 
Sun,  &c<  Becaufe  they  do  not  wander 
with  an  uncertain  Motion  out  of 


Part'll. 

one  fi&itious  Vortex  into  another, 
but  as  they  belong  to  the  Region  of 
the  Sun,  they  move  round  in  an  Orb 
with  a  conftant  and  regular  Motion* 

4.  The  Light  of  their  Heads  ought 
to  increafe  as  they  go  from  the  Earth 
towards  tbeSun,Scc.  Becaufe,  as  they 
move  about  amongft  the  Planets, 
their  Approach  to  the  Sun,  muft  bear 
a  very  great  Proportion  to  their 
whole  Diftance. 

5.  Their  Tails  ought  to  appear  largejl 
and  brightefl ,  immediately  after  they 
have paffed  by  the  Sun.  Becaufe  their 
Heads  being  then  moft  heated,  'fend 
forth  a  great  many  Vapours. 

6.  Their  Tails  ought  not  to  be  di - 
reElly  oppofite  to  the  Sun ,  but  always 
to  decline  towards  thofe  Parts,  where 
their  Heads  were  before,  as  they  moved 
along  in  their  Orbs .  Becaufe  all 
Smoak  or  Vapours  emitted  from  a 
Body  in  Motion  afcends  upwards  ob- 
liquely,  always  receding  from  that 
Part  where  the  fmoaking  Body  goes. 

7.  Ibis  Deviation  ought  to  be  left 
near  the  Head  of  a  Comet ,  and  when 
the  Comet  moves  near  the  Sun.  Becaufe 
the  Vapour  afcends  quicker  near  the 
Head  of  the  Comet,  than  at  the 
further  End  of  theTail ;  and  fo  it  doejr 
likewife,  when  the  Ccmet  is  nearer 
the  Sun,  than  when  it  is  further  oft. 

8.  The  Tails  ought  to  be  fomewbat 
brighter  and  more  dijlin&ly  terminated, 
on  the  convex  than  on  the  concave  Side • 
Becaufe  the  Vapour  on  the  convex 
Part,  which  goes  firft,  being  a  little 
freftier  and  denfer ,  refle&s  Light 
more  copioufiy. 

9 -The  Tails  ought  to  appear  broader 
towards  thejurther  End  than  towards 
the  Head  of  a  Comet!  Becaufe  Vapour 
in  free  and  open  Space,  is  continually 
rarified  and  dilated. 

10.  The  Tails  ought  to  be  tranfpa- 
rent,  and  the  fmallefl  Stars  fetr.  thro* 
them.  Becaufe  the  Vapour  they  confift 
of  is  exceeding  thin. 

You  may  fee  more  in  the  famous 
Sir  Jfaac  Newton's  Principles,  Book 
III.  from  Prop,  39,  Lem.  4.  to  the 

E  fid» 


CHAP. 

..’I  ■  •  ■  .  v  i . 


Chap.  27.  0/ Natural  Philosophy. 
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CHAP.  XXVII. 

Of  the  Influences  of  the  STAR  Sy  and  of  judicial 

Aflrology , 


IT  is  a  common  Enquiry,  whether  any  Influences 

ought  to  be  allowed  to  the  Stars  ;  the  meaning  of  Inpences  0f 
which  Enquiry  is,  to  be  fatisfied  whether  the  Stars  adt  the  Stars . 
in  fuch  a  manner,  as  to  be  the  Caufe  of  or  at  leaft  to 
contribute  towards  thofe  Effects  which  we  fee  produced 
on  the  Earth. 

2.  That  the  Sun  contributes  to  them,  cannot  be  ^That  there 
doubted  ;  becaufe  we  may  affirm  that  to  be  the  foie, 
at  leaft  the  principal  Caufe  of  all  the  Effedls  pro-  influence  of 
duced  in  it  5  for  the  Increaling  of  Plants,  the  Flourifti-  tbt  Sun% 
ing  of  Corn,  the  Fruit  coming  to  Perfe&ion,  ought  all 
to  be  afcribed  to  the  Light  or  rather  to  the  Heat  of  the 


Sun. 

3.  The  Query  is  only  about  the  other  Stars  therefore. 

And  becaufe  we  feel  the  Light  of  them,  that  is  an  un-  oujf  to  be 
doubted  Proof,  that  they  have  a  Power  to  (hake  the  allowed fame 
fmall  Fibres  of  the  optick  Nerves;  and  becaufe  there  is 
Matter  in  the  Air,  Water  and  Earth,  which  is  finer  and  J  ' 
eafier  to  be  put  in  Motion  than  thefe  Fibres,  it  muft  be 
granted,  that  they  cannot  but  agitate  and  move  it ;  and 
the  Particles  thereof,  by  moving  afterwards  more  grofs 
matter,  may  produce  fenfible  Effects  ;  fo  that  it  is  in 
fome  Senfe  true,  that  the  Stars  may  be  the  Caufe  of 
thefe  EfFedls. 

4.  But  becaufe  we  do  not  own  any  other  Virtue  to  4-  Wattle 

be  in  them  by  which  they  can  ac ft  here  below,  but  that  j{e 

pf  the  Light  which  comes  from  them  to  us,  we  can-  ’very  incon- 
not  allow  them  any  further  Power  or  Virtue  in  thofe 

EfFedts  produced  upon  the  Earth,  but  in  Proportion 
their  Light  •:  And  becaufe  the  Light  of  the  Sun  alone  is  the  Sun. 
infinitely  greater  than  that  of  all  the  Stars  put  together, 
we  ought  to  look  upon  that  as  the  Caufe  of  ail  thefe 
Effects.  And  if  we  do  not  always  experience  the  fame 
Conftitution  of  Air,  whenever  the  Sun  fends  forth  his 
Rays  in  the  fame  Manner  upon  the  Earth,  we  muft  not 
feek  for  the  Caufe  hereof  in  the  Stars,  but  look  upon 
it  as  the  Efiedt  of  the  prefent  Difpofition  of  the  Air  or 
the  Earth. 


F  4 


5.  I  am 
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7.  Why  a 
great  deal 
cf  Efficacy 
has  been 
a  fen  bed  to 
the  Flanets, 


7.  The  Rife 
of  judicial 
flflrology. 


i>.  That  this 

Aflrclogy 
koto  no 
'Foundation, 


5.  I  am  perfuaded  that  the  ancient  Philofophers,  had 
no  other  Notions  of  the  Influences  of  the  Stars  but  fuch 
as  thefe  :  But  becaufe  the  Egyptians,  who  were  very 
good  Aftronomers,  thought  fit  to  diftinguifh  divers  Days 
of  the  Solar  Year,  by  the  different  fixed  Stars,  which 
rife  immediately  after  Sun-fet,  and  took  Care  to  give 
Notice  to  the  People  of  the  Temperature  of  the  Air 
which  they  obferved  in  certain  Seafons,  and  of  what 
was  proper  for  them  to  do  in  Agriculture,  when  certain 
Stars  rife  after  Sun-fet  ;  they  took  that  for  the  Caufe, 
which  was  intended  only  for  the  Sign  :  And  hence  came 
the  Notion  of  moift  Stars  whofe  Rifing  produced  Rain, 
of  others  that  caufed  Drought  ;  of  fome  that  made  Plants 
to  grow,  and  of  others  which  had  a  particular  Dominion 
over  certain  Animals. 

6.  The  Experience  we  have  of  the  Temperature  of 
the  Air  being  not  always  the  fame  every  Year,  though  the 
fame  fixed  Stars  never  fail  to  rife  when  the  Sun  fet,  is 
enough  to  undeceive  thofe  who  affirm  that  all  Things 
here  below  depend  upon  the  Stars  :  But  becaufe  the  Planets 
alter  their  Situation  in  the  Heavens  every  Year  ;  under 
this  Pretence  they  have  excufed  their  Miftake,  and  taken 
Occafion  from  hence  to  aferibe  to  the  Rifing  of  the 
Planets,  or  to  their  different  Situation  in  the  Heavens, 
all  thofe  powerful  Efficacies  which  they  before  aferibed  to 
the  fixed  Stars. 

7.  And  as  the  Vanity  of  Men’s  Minds  is  always  in- 
creafing  ;  after  they  had  once  fuffered  themfelves  to  be 
prejudiced  with  this  falfe  Notion  of  the  Virtue  and  Ef¬ 
ficacy  of  the  Planets  j  knowing  that  they  could  be  cer¬ 
tain  of  the  Situation  of  the  Planets  for  the  Time  to 
come,  by  Agronomical  Calculation  ;  they  puffed  them¬ 
felves  up  with  the  Invention  of  an  Art,  which  could  fore- 
tel  Things  to  come  ;  as  Rain,  fair  Weather,  Wind, 
Thunder,  Tempefts,  Plenty,  Famine,  War,  and  fuch 
like  Things.  'Phis  Art  is  what  they  call  Judicial 
Aflrclogy ,  which  fome  boaft  themfelves  Mafters  of, 
and  are  got  to  fuch  a  pitch  of  Vanity  as  to  promife  to 
predict  the  ljioft  particular  Actions  and  Fortunes  of 
Perfons. 

'  8.  In  order  to  avoid  being  deceived  by  fuch  vain  Pro- 
mifes'  as  thefe  ;  we  ought  to  confider  in  the  firft  Place, 
that  this  A  Urology  hath  no  Foundation  ;  and  that  it  can¬ 
not  be  proved  by  any  Reafon,  that  any  fuch  Powers  are 
in  the  Stars,  as  Aftrologers  aferibe  to  them. 


9,  Secondly? 
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9.  Secondly,  It  is  certain,  that  they  have  not  even  Ex-  9*  Tbst 
perience  on  their  Side,  which  however  they  appeal  to, 

and  upon  which  they  build  their  Art  :  For,  as  it  would  even  Exp 
be  ridiculous  to  affirm,  that  Experience  fhews  us,  that rience  °g 
Socrates's  going  out  of  Town,  produced  Thunder,  be-  tbe,r 
caufe  it  was  obferved  to  thunder  cnce,  at  the  Moment 
that  this  Philofopher  was  got  into  the  Road  to  go  into 
the  Country  :  So  likewife  is  it  ridiculous  to  affirm,  that 
we  have  the  Experience,  that  fuch  a  particular  Confti- 
tution  of  the  Stars,  produced,  for  Example,  the  Sick- 
nefs  of  a  Prince,  becaufe  it  was  once  obferved,  that  a 
Prince  was  fick,  when  they  were  in  fuch  a  Difpofition. 

And  indeed,  fo  far  are  Aftrologers  from  having  many 
Times  obferved,  what  the  Difpofition,  which  the  Stars 
will  be  in  to  Morrow  in  the  Heavens,  is  capable  of 
producing ;  that  ftridfly  fpeaking,  we  may  affirm,  that 
they  have  not  the  lead  Obfervation  at  all  ;  becaufe  it 
will  take  up  feveral  thoufand  Years  before  fuch  a  Con- 
ftitution  of  the  Stars  as  we  have  obferved  can  happen 
twice.  So  that  we  may  affirm,  that  fuch  a  Conftitution 
in  the  Heavens  as  will  be  to  Morrow,  has  not  yet  been 
feen  fince  the  Creation  of  the  World. 

10.  We  may  add  to  this  ;  that  if  we  allow  Aftrolo-  10,  That 
gers  to  have  made  fome  Obfervations  of  what  has  hap-  theE*Per*“ 
pened  in  former  Ages,  under  certain  Pofitions  of  the  comes  to  pafs 
Stars  ;  yet  they  would  be  of  no  ufe,  but  in  the  Countries  in  one  Coun~ 
where  they  were  made  ;  for  it  is  certain,  that  whatever 

the  Difpofition  of  the  Heavens  be,  the  fame  Clearnefs  tain  of  what 
or  the  fame  Temped  does  not  reach  over  the  whole  Su-  "  done  in 
perficies  of  the  Earth,  but  many  Times,  it  rains  very  an 
hard  in  one  Country  for  a  great  Part  of  the  Y ear,  when 
in  another  Country  not  far  off,  it  is  very  dry. 

11.  Further;  I  cannot  forbear  taking  Notice  here,  Tbt 
of  the  vain  Credulity,  or  rather  the  foolifh  Error  of  ^Europ*- 
mod  Europeans ,  about  the  Star  called  the  Dog  ;  who  ans  concern - 
believe  it  to  be  of  a  hot  Nature,  and  that  it  is  the  Caufe  inS  theP°&~ 
of  the  Heat,  that  commonly  happens  about  the  Time  btar' 
that  it  rifes  when  the  Sun  rifes,  and  which  is  called  the 
Dog-Days.  For  the  People  that  live  in  the  Southern 

Parts  of  the  Earth,  and  over  whofe  Zenith  this  Star 
pafles,  have  much  greater  Reafon  to  believe  that  it  is 
of  a  cold  Nature,  becaufe  at  the  fame  Time  when  this 
Star  rifes  with  the  Sun,  which  is  the  Seafon  wherein  we 
often  feel  the  greated  Heat,  they  find  the  greated  Cold, 
and  are  in  the  Depth  of  Winter. 


12.  Perhaps, 
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12.  Perhaps  it  may  here  be  faid,  that  Aftrologers  do 
fometimes  hit  upon  the  T ruth ;  which  I  do  indeed  al¬ 
low  :  But  this  does  not  at  all  eftablilh  their  Science ;  be- 
caufe  there  is  no  Perfon,  be  he  never  fo  ignorant,  but; 
if  he  undertook  to  foretel  T hings  to  come,  he  would  by 
chance  hit  upon  fome  Things  that  come  to  pafs,  as 
well  as  upon  fome  that  did  not,  in  the  fame  manner  as 
the  greateft  Aftrologers  in  the  W orld. 

13.  Not  to  infift  any  longer  upon  this  Subject,  which 
does  not  deferve  to  have  any  more  faid  of  it,  and  which 
is  not  worth  being  ferioufly  treated  by  any  Philofopher  ; 
I  fhall  fpeak  only  one  Word  more  about  fome  falfe 
Opinions,  which  have  been  received  by  the  Credulity 
of  Men,  and  which  Aftrologers  endeavour  to  confirm 
and  turn  to  their  own  Advantage.  Thus,  it  is  gene¬ 
rally  thought  that  the  Moon  has  a  particular  Virtue  to 
corrode  Stones  ;  that  the  Bones  of  Animals  are  full  of 
Marrow  upon  the  Increafe  of  the  Moon,  and  have  none 
in  them  but  are  full  of  Blood  in  its  Wane ;  (1)  and 
that  Lobfters  and  Oyfters  and  a  great  many  other  Fifh, 
are  fuller  towards  the  new  apd  full  Moon,  than  at  the 
Quadratures, 

14.  As  to  the  Eating  away  of  Stones,  the  Moon  is 
wrongfully  accufed  hereof,  becaufe  it  never  fends  fort!} 
its  Rays  to  any  Places  but  where  thofe  of  the  Sun  go 
alfo  ;  jb  that  it  feems  to  me  more  reafon^ble  to  make 
the  Sun  the  Caule  of  thefe  Eftefts  than  the  Moon  : 
For  it  is  highly  credible,  that  in  a  Number  of  Years 
fome  Stones  may  be  calcined  by  the  Heat  of  the  Sun,  as 
they  are  by  the  Flame  of  a  Candle  in  a  few  Hours.  Af¬ 
ter  which  it  is  not  at  all  furpriling,  that  the  Moifture  of 
the  Air  fihould  reduce  Stones  to  Powder,  as  we  fee  it 
does  Lime. 


(1}  And  that  Lcbfters  and  Oyfters , 
See)  Pliny,  Book  It  Chap.  41. 
And  indeed  tbe  Bodies  of  Oyfters,  and 
all  other  Shell  Fifth,  increafe  and  a- 
gatn  diminifth  by  tbe  Power  of  tbe 
Moon .  And  Chap  99.  It  is  this 
{  tbe  Moon  )  which  repleniftbes  tbe 
Earth,  filing  Bodies  as  it  approaches 
near ,  and  emptying  them  as  it  goes 
farther  off  j  and  therefore  Shell- Fifh 
jncrcafte  as  that  increafes ,  &c.  You 
may  find  more  of  this  in  Plutarch's 
Entertaining  Problems  ,  Book  111. 
Prob.  10.  Why  tbe  Moon  bas  more 


Power  to  corrupt  Flefththau  tbe  Sun 
and  in  Macrobius,  Book  VII.  Chap. 
16.  But  as  to  the  real  Power' of 
the  Moonj  flnee  it  is  evident,  that 
it  caufes  a  greater  flux  and  Reflux 
in  the  Air  than  in  the  Sea,  it  muft 
neceffarily  produce  fome  Alteration* 
in  the  Temperature  of  the  Heavens, 
and  this  may  make  fome  Alteration 
in  the  Bodies  of  Animal'.  But  as 
to  any  other  Effedts  commonly  aferi- 
bed  to  the  Moon  ard  Planets,  be¬ 
yond  what  are  owing  to  thefe  Caufes, 
they  are  mere  Trifles. 
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15.  It  is  alfo  a  great  Miftake  to  think  that  the  Bones  T5*  That  the 
of  Animals  are  full  of  Marrow  at  fome  particular  Sea-  **?net  °f 
ions  of  the  Moon,  and  empty  at  others  ;  for  1  am  fure  not  full  of 
from  above  five  and  twenty  Years  Obfervation,  that  in  Marrow  at 
all  Quarters  of  the  Moon,  we  may  find  fome  Bones  full  ^ndemptyat 
of  Marrow,  and  others  empty  ;  fo  that  this  Difference  the  Decreaf» 
depends  upon  fome  other  Caufe.  And  it  is  very  proba-  °f^e  ^oon i 
ble,  that  the  want  of  Marrow  in  fome  Animals  pro-  tj,ls 
ceeds  from  their  not  having  fufficient  Nourifhment,  or  rencepro- 
from  the  Fatigues  which  fuch  Animals  undergo.  For  I  cttdl% 
have  taken  Notice,  that  there  was  no  Marrow  at  all  to 

be  found  in  the  Bones  of  Sheep  which  were  killed  im¬ 
mediately  after  they  were  brought  to  Paris  from  Provin¬ 
ces  a  great  Way  off  5  whereas  there  is  a  great  deal  to  be 
found  in  the  Bones  of  thofe  who  have  retted  fome  Time 
in  the  Folds  that  are  in  the  Suburbs  of  this  City,  where 
care  was  taken  to  feed  them. 

16.  The  Notion,  that  Lobfters  and  Oyfters  and  other  16.  Ybatthe 
Fifh,  are  fuller,  or  not  fo  lean,  in  fome  Quarters  of  °f 
the  Moon  as  in  others,  is  alfo  falfe,  and  contrary  to  all  growing  full 
Experience  :  And  this  Error  has  crept  in,  like  moft  o-  and  empty 
thers,  by  rafhly  taking  that  for  the  Caufe  of  an  Effect, 

•which  really  is  not,  but  is  only  mere  Chance  and  Ha-  0ftbe  ^00n 
zard  ;  and  there  is  no  Perfon  who  has  taken  ever  fo  lit-  isfalfe» 
tie  Notice,  but  has  a  hundred  Times  in  his  Life,  expe¬ 
rienced  the  contrary  to  this  and  a  great  many  fuch  like 
vulgar  Opinions. 

1 7.  But  if  Fifli  be  obferved  leaner  at  fome  particular  ,7# 

Times  than  at  others,  it  may  proceed  from  hence  ;  that  Fifh  fhrink 
they  have  not  met  with  fo  much  Nourifihment,  or  that 

they  have  been  put  into  too  violent  a  Motion,  and  fret-  Times» 
ted  either  from  the  extraordinary  Agitation  of  the  Wa¬ 
ter,  or  by  contending  with  each  other:  And  this  will 
appear  highly  probable  to  any  one  who  knows,  that  the 
Fifli  taken  in  the  Sea  near  Calais ,  where  the  Water  is 
very  rough,  are  commonly  leaner  than  thofe  taken  near 
Bologn ,  where  the  Sea  is  ftiller :  And  indeed  amongft 
the  fame  Kind  of  Fifh,  taken  at  the  fame  Time,  and 
in  the  fame  Place,  thofe  which  are  catched  in  Nets  let 
down  into  the  Sea  and  drawn  up  again  immediately,  are 
plumper  and  fuller  than  thofe  which  are  catched  in  Nets 
Upon  the  Shallows,  where  they  lie  fretting  themfelves 
for  five  or  fix  Hours  till  the  Tide  goes  back. 


C  H  A  P. 


ROHAULT’s  System 


Part  II. 


CHAP.  XXVIII. 

Of  Gravity  and  Levity. 
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4..  A  third 
Opinion , 


T  T  has  been  always  obferved ,  that  there  are  fome 

Bodies  which  if  they  be  not  fupported  in  the  Air, 
will  defeend,  and  move  towards  the  Center  of  the  Earth  ; 
and  that  there  are  others,  which*  if  at  Liberty,  will  af- 
cend  and  move  from  the  Center ;  and  tho’  the  Principles 
of  thefe  Motions  were  not  known,  yet  this  did  not  hin¬ 
der  but  that  Names  were  given  to  them,  the  one  being 
called  Gravity ,  and  the  other  Levity  ;  But  it  is  the  Bu- 
finefs  of  a  Philofopher  to  enquire  into  the  Nature  of  thefe 
Things,  and  to  explain  what  is  meant  by  thefe  Words. 

2.  Some  have  aflerted,  amongft  whom  Ariftotle  was 
one,  that  thofe  Bodies  which  we  fee  defeending,  moved 
themfelves  in  fuch  a  manner,  ,, by  a  particular  Inclination 
which  was  in  them  to  go  towards  the  Center  of  the 
Earth,  which  was  looked  upon  to  be  the  Center  of  the 
Univerfe  alfo.  So  likewife  they  aflerted  that  the  Bodies 
which  we  fee  afeend,  had  a  contrary  Inclination  by 
which  they  moved  from  the  Center. 

3.  Others  thought  it  fuperfluous  to  admit  two  Sorts 
of  Inclinations  in  Bodies,  and  therefore  they  contended, 
that  it  is  more  reafonable  to  aflert ;  that  all  Bodies  have 
but  one  Inclination  only,  which  makes  them  tend  to 
the  Center  of  the  Univerfe  ;  But  fome  being  carried 
with  greater  Force  than  others,  the  latter  are  obliged  to 
remove  further  ofF,  which  makes  them  feem  to  be  light. 
According  to  this  Opinion,  we  ought  to  fay,  that  Flame 
is  heavy,  and  that  when  we  fee  it  afeend,  the  Reafon 
is,  becaufe  the  Air  in  which  it  is,  is  heavier  than  it  ;  in 
the  fame  manner  as  we  fay  the  Cork  rifes  in  the  Wa¬ 
ter,  becaufe  Water  is  heavier  than  Cork. 

4.  To  thefe  two  Opinions  we  may  add  a  third,  viz, 
that  there  is  but  one  Inclination  only  in  all  the  Bodies 
which  furround  us,  and  that  is  to  afeend  ;  and  that 
this  Inclination  is  greater  in  the  Fire,  than  in  the  Air,  and 
that  it  is  greater  in  the  Air  than  in  the  Water,  and  that  it 
is  leaffc  of  all  in  the  Earth  :  According  to  this  Opinion  ; 
when  a  Stone  defeends  in  the  Air  or  in  the  Water,  we 
ought  to  fay,'  that  it  proceeds  from  hence  ;  that  it  was 
compelled  by  thefe  two  other  Bodies,  which  having  more 
Force  than  it  to  recede  from  the  Center  of  the  Earth, 
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thruft  it  that  Way,  and  made  it  tend  toward  their 
Center. 

5.  As  the  two  laft  Opinions  are  fomewhat  more  fim-  5*  Wat 
pie  than  the  hr  ft,  becaufe  they  fuppofe  but  one  Inclina-  ophion^ar* 
tion  only  in  Bodies,  they  fhould  feem  to  be  the  moft  equally 
probable :  But  this  fmall  Advantage  is  not  enough  for  FaultJ' 

us  to  prefer  them  to  the  former  ;  and  to  fay  the  Truth, 
none  of  the  Three  are  fatisfadlory  ;  For  if  by  the  Word, 
Inclination,  we  underftand  any  inward  Senfation,  or  any 
particular  Sort  of  Thought ;  I  can't  think  that  it  can 
without  Abfurdity  be  afcribed  to  mere  material  Beings, 
fuch  as  Stones  are.  And  if  by  this  Word  be  meant  only 
in  general,  a  Caufe,  whatever  it  be,  which  produces 
thefe  Motions  by  which  Bodies  are  carried  upwards  and 
downwards,  then  it  is  only  a  mere  Sophifm  ;  becaufe  it 
is  faying  nothing,  but  only  purely  giving  the  Name  In¬ 
clination  to  fomething  we  know  not  what. 

6.  It  is  to  be  obferved,  that  it  is  without  any  Reafon  e.  That 
that  they  who  defend  thefe  Opinions  aflert,  that  the  tbere  ls  M 
Center  of  the  Earth  is  the  Center  of  the  World  :  For  it 

is  certain  that  we  muft  know  the  Extremities  before  we  that  heavy 
can  know  the  Center  which  is  equally  diftant  from  them;  Jhttrf‘cten<i 
but  who  can  pretend  to  know  the  Extremities  of  the  oftbeV/orii* 
Univerfe  ;  And  if  we  mean  to  fpeak  only  of  the  vifible 
World,  what  we  have  before  eftablifhed,  is  fufficient  to 
convince  us,  that  its  Center  is  rather  in  the  Sun  than  in 
the  Earth. 

7.  In  order  to  underftand  then  more  clearly  and  more  7*  What 
diftindlly,  what  the  Gravity  and  Levity  of  Bodies  confift  Graru:t>  and 
in,  and  not  to  content  ourlelves  with  Words  which  we  ///?/«, 
underftand  not  the  Meaning  of ;  we  muft  call  to  Mind 

that  Rule  which  we  formerly  laid  down,  and  which  we 
faid  was  one  of  the  principal  Laws  of  Nature,  viz. 

That  the  Parts  of  any  whole  which  turns  about  its  own 
Center ,  have  a  Pendency  to  recede  from  it ,  which  Pen¬ 
dency  is  greater  in  thofe  Parts  ivhich  have  more  Motion 
than  in  thofe  which  have  lefs.  Now  fince  the  Mafs 
compofed  of  Earth,  Water  and  Air,  turns  about  its 
Center ;  and  it  being  certain  that  there  is  in  this  Mafs  a 
very  great  Number  of  Parts,  which  have  more  Motion 
than  others  ;  we  may  conclude  that  they  do  all  of  them 
really  endeavour  to  recede  from  the  Center  about  which 
they  are  turned,  and  therefore  they  may  all  in  fome 
Senfe  be  faid  to  be  light ;  but  becaufe  the  Parts  which 
have  leaft  Force  to  recede,  are  pufhed  with  Violence 
towards  the  Center,  by  thofe  Parts  which  have  more 
;  •  ~  Force, 
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Force,  this  is  the  Reafon  why  we  find  them  to  be 
heavy. 

8.  This  is  confirmed  by  a  very  remarkable  Experi¬ 
ment  which  we  are  obliged  to  Mr.  Hugens  for  ;  He 
took  an  earthen  Veflel  which  was  white  and  round, 
about  feven  or  eight  Inches  in  Diameter,  flat  at  the 
Bottom,  and  the  Sides  about  three  Inches  high,  and  fil¬ 
led  it  with  Water ;  then  putting  into  it  fome  beaten 
Spanijh  Wax,  whole  Weight  made  it  fink  to  the  Bot¬ 
tom,  and  whofe  red  Colour  made  it  very  vifible  upon 
the  white  Bottom,  he  covered  the  Veflel  with  a  Plate 
of  very  tranfparent  Glafs,  and  fealed  up  the  Edge  fo 
that  nothing  could  get  out ;  having  done  this,  he  fattened 
the  Veflel  on  an  Engine  or  Pivett,  fo  that  he  could 
turn  it  about  and  ftop  it  at  Pleafure.  While  the  Vef- 
fel  was  turning  round  in  this  manner,  the  Wax  Pow¬ 
der  which  was  at  the  Bottom  of  the  Veflel  could  not 
flip  upon  it  fo  readily  as  the  Water,  but  ftuck  a  little 
to  it,  and  therefore  was  more  eafily  carried  about ;  by 
this  Means  it  acquired  more  Motion  in  turning  round 
than  the  Water,  and  confequently  was  forced  to  re¬ 
move  from  the  Center,  and  to  fpread  it  fe If,  and  get  all 
round  the  Sides  of  the  Veflel  ;  he  then  flopped  the  Mo¬ 
tion  of  the  Engine  on  a  fudden,  and  the  Veflel  which 
was  fixed  to  it  confequently  flopped  alfo  ;  whereupon 
the  Spanijh  Wax  grating  againft  the  Bottom,  and  its  Par¬ 
ticles  being  rugged,  did  not  move  fo  quick  as  the  Wa¬ 
ter  whofe  Motion  could  not  flacken  fo  faft,  becaufe  it 
can  eafily  Aide  over  the  Body  it  moves  upon.  He  {hews 
us  that  at  this  Inflant  of  Time,  the  Water  refembles 
the  Fluid  Matter  which  furrounds  the  Earth,  and  the 
Powder  of  Spanijh  Wax  refembles  Pieces  of  the  Earth 
which  we  fee  defcend  in  the  Air  ;  for  the  Powder  was 
then  forced  to  approach  to  the  Center  of  its  Motion, 
being  driven  thither  by  the  Particles  of  the  Water  which 
endeavoured  to  recede  with  greater  Force  than  the 
Powder  which  gathered  into  a  little  round  Body  in  the 
Center  like  the  Earth. 

9.  By  this  Experiment  we  fee  clearly  that  Gravity  is, 
properly  fpeaking,  nothing  elfe  but  lefs  Levity  ;  and 
though  it  follows  from  hence,  that  the  Bodies  which 

.  defcend  have  no  Difpofition  in  themfelves  to  defcend  ; 
yet  this  Motion  ought  however  to  be  called  Natural, 
becaufe  it  is  the  Refult  of  the  eflabliflied  Order  of 
Nature, 


10.  Now 


Chap.  28.  ^/Natural  Philosophy.  95 

16.  Now  that  there  are  fome  Parts  of  the  Mafs  com-  ro.  That  the 
pofed  of  Earth,  Water,  and  Air,  which  have  more^£^'ftfr 
Motion  than  others,  may  be  collected  from  hence  ;  that  compares  the 
the  Earth  is  not  turned  about  its  Center  in  twenty-four  Earth  bat  a 
Hours  by  its  own  Force,  but  is  carried  by  the  Current 
of  a  fluid  Matter  which  furrounds  it,  and  which  pene-  from  the 
trates  all  its  Parts:  For  this  Matter,  by  Reafon  of  its^^'^*® 
Fluidity  has  more  Motion  than  is  requifite  to  revolve  t^t  Earth/ 
along  with  the  Earth  in  twenty-four  Hours  ;  fo  that 
its  Parts  employ  the  reft  of  their  Force  either  to  turn 
themfelves  round  fwifter  than  the  Earth  the  fame  Way, 
or  elfe  to  move  themfelves  in  an  infinite  Variety  of  dif¬ 
ferent  Ways:  And  becaufe  the  World  is  full,  and  it  is 
with  fome  Difficulty  that  they  get  out  of  the  Place  they 
are  once  in  ;  therefore  moft  of  them  muft  neceftarily  be 
determined  to  turn  round  in  an  innumerable  Company  of 
fphasrical  Superficies  concentrick  to  the  Earth :  And  here¬ 
in  confifts  thefuperiour  Force  of  this  fluid  Matter  above 
other  terreftrial  Parts,  to  recede  from  the  Center  of  the 
Earth. 

11.  When  I  am  here  fpeaking  of  the  fluid  Matter  n.  That 
which  incompaftes  the  Earth,  I  mean  chiefly  the  Mat-  fe”0„^rc*j„. 
ter  of  the  firft  and  fecond  Element,  which  is  in  the  Air,  dpaflyfotbe 
or  in  the  Water  ;  becaufe  this  Matter  has  the  moft  Mo-  Matter  of 
tion,  and  the  Parts  of  Water  or  Air  compared  with  this  ^^Elet 
may  be  looked  upon  as  terreftrial  Parts,  they  are  fo  very  ment, 
much  grofter,  and  fo  little  agitated  ;  for  though  thefe 

Parts  fwim  in  that  Matter,  yet  the  contrary  Impreffi- 
ons  which  they  perpetually  meet  with  from  it,  hinder 
them  from  acquiring  any  very  rapid  Motion,  which 
might  continue  for  a  long  Time. 

12.  Now  in  order  to  underftand  more  clearly  what  I2.  zawbae 
the  A<ftion  of  the  fluid  Matter  is,  take  a  View  of  the  fol-  Cafe  this 
lowing  Figure,  in  which  the  Circle  ABC!)  reprefents-f0",' w,li 
the  Mafs  compofed  of  Earth,  Water,  and  Air,  whofe  ^EffeB. 
Center  is  E;  and  the  little  Circle  FGHI  reprefents  Tab  XIV. 
the  Earth.  Let  us  imagine  in  our  Minds,  that  this  Mafs  Fig‘ lm 

is  divided  into  a  great  many  Pyramids  whofe  Vortexes 
meet  at  the  Center  of  the  Earth,  one  of  which  is  here  re- 
prefented  by  AEB ;  this  being  fuppofed,  we  are  fure  in 
the  firft  Place,  that  though  the  different  Parts  which  com- 
pofe  each  Pyramid,  have  a  T endency  to  recede  from  the 
Center  E,  yet  they  cannot  recede  all  at  once,  becaufe 
there  is  no  void  Space  round  about  this  Mafs  which  they 
compofe,  and  the  Matter  which  is  about  them,  hinders 

them 
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ticular  Ex¬ 
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them  from  moving  out  of  their  Places.  We  are  certain 
likewife,  that  a  lingle  Pyramid,  fuch  as  AEB,  cannot 
retire  whole  from  the  Center,  by  fpreading  it  felf  and 
growing  bigger  at  the  Extremity  AB,  and  fo  forcing 
the  Matter  on  each  Side  to  approach  towards  the  Cen¬ 
ter,  becaufe  the  Matter  of  the  other  Pyramids  by  which 
this  is  furrounded,  have  an  equal  Tendency  and  the 
fame  Force  to  recede  from  the  Center  likewife  as  the 
Pyramid  AEB,  at  leaft,  if  we  fuppofe  the  terreftrial 
Matter  which  is  in  each  Pyramid,  to  be  already  as  near 
the  Center  as  it  can  be. 

13.  But  if  we  fuppofe  that  there  is  a  Terreftrial  Body  * 
fuch  as  L,  in  the  Pyramid  AEB,  and  none  in  the 
other  Pyramids  about  it ;  it  is  eafy  to  fee  that  this  Py¬ 
ramid  muft  have  fo  much  lefs  Power  to  remove  from 
the  Center,  than  any  of  thofe  which  furround  it,  as  the 
Body  L  has  lefs  than  the  Quantity  of  Fluid  had,  whofe 
Place  it  pofteftes  ;  from  whence  it  will  follow,  that 
the  Matter  of  fome  of  the  Pyramids  will  recede  from 
the  Center,  and  ( 1 )  force  the  Body  L  to  approach  to¬ 
wards  the  Center,  in  the  fame  Manner  as  they  who 
affirm  all  Bodies  to  be  heavy,  fay  that  the  Water  forces 
Cork  to  rife  up. 


14.  The 


(1)  Force  the  Body  to  approach 
towards  the  Center,  &c.)  This  was 
a  very  ingenious  Hypothefis,  and  fo 
long  as  the  World  was  thought  to 
be  full,  a  very  probable  one.  But 
fmce  it  has  been  made  appear  by  a 
great  many  very  exa£t  Obfervations  of 
modern  Pnilofophers,  that  the  World 
is  not  full ;  and  that  Gravity  i;  the 
moft  antient  and  molt  univerfal 
Property  of  Matter,  and  the  princi¬ 
pal  of  all  in  maintaining  and  keep¬ 
ing  together  the  whole  Univerfe  $ 
we  muft  proceed  in  another  Method, 
2nd  find  out  another  Theory  of  Gra¬ 
vity.  To  be  fhort,  the  celebrated 
Sir  Ifaac  Newton  has  purfued  this 
Enquiry  with  that  Succefs,  that  the 
moft  firrple  Nature  of  Gravity,  be¬ 
ing  fuppofed,  he  has  eftab;  fhed  the 
true  Syftem  cf  the  World  beyond  all 
Controverfy,  and  moft  clearly  ex¬ 
plained  the  moft  ccnfiderable  Pbse- 
nomena  of  all  Nature.  And  his  O- 
p:nion  of  the  Mature  and  Properties 
of  Gravity  is  this. 


Every  Jingle  Particle  of  all  Bodies 
whatever,  gravitates  to  every  Jingle 
Particle  of  all  Bodies  whatfoever  ; 
that  is,  they  are  impelled  towards 
each  other  by  Gravity,  See  the  Notes 
on  Part  I.  Chap.  xi.  Art.  15. 

This  gravitating  Force  is  Univer¬ 
fal  as  to  the  Extent  of  it ;  that  is,  all 
Bodies  whatfoever,  fo  far  as  we 
know,  where  ever  they  are  placed, 
not  only  on  the  Earth,  but  alfo  in  the 
Heavens,  whether  in  the  Moon  or 
Planets,  in  the  Sun  or  any  other 
Place,  are  endued  with  this  Power. 

This  Force  is  alfo  univerfal  as  to 
the  Kinds  of  Bodies ;  that  is,  all  ' 
Bodies  ,  whatever  their  Figure,  Form 
or  Texture  be,  whether  they  be  Am¬ 
ple  or  compound,  fluid  or  folid  5 
whether  they  be  great  or  fmall  ; 
whether  they  be  in  M  tion  or  at  Reft, 
are  endued  with  this  Power. 

This  Force  is  alfo  univerfal  as  to 
Time  ;  that  is,  all  other  Conditions 
being  the  fame,  it  never  increafes 
or  dinnnifhes» 


The 
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14.  The  Weight  of  a  Body  therefore  is  proportions-  J4*  That 
ble  to  the  Quantity  of  fluid  Matter  which  caufes  it  to 
defcend  ;  fo  that  it  feems  the  bigger  any  Body  is,  the  more  the  morY*’ 
weighty  it  ought  to  be.  15,  How1.  be**y* rc 


The  Quantity  of  this  Gravity  at 
equal  Diftances,  is  always  exaftly  in 
Proportion  to  the  Quantity  of  Matter 
in  the  gravitating  Bodies-  For  In- 
ftance,  if  a  cubick  Foot  of  Gold  hat  a 
Tboufand  Pound  Weight  upon  the  Su¬ 
perficies  of  the  Earth,  two  cubickFeet 
will  have  two  Ihoufand  Pound 
Weight  upon  the  fame  Superficies  ; 
and  if  the  Earth  contained  but  half 
the  Quantity  of  Matter  that  it  does 
now,  the  fame  cubick  Foot  of  Gold 
which  has  now  a  thoufand  Pound 
Weight  upon  the  Superficies  of  the 
Earth ,  would  have  but  Five  Hun¬ 
dred  only. 

This  Gravity  in  given  Bodies  is 
greater  or  lefs  according  to  the  Di¬ 
ftance  of  thofe  B  dies  from  each  o- 
ther  $  for  Example,  a  Stone  which 
near  the  Superficies  of  the  Earth,  is 
very  heavy,  if  it  were  carried  up  as 
high  as  the  Moon  would  be  very 
light . 

Lajlly }  The  Proportion  of  the  In- 
creafe  or  Decreafe  of  this  Gravity  in 
Bodies  approaching  to  or  receding 
from  each  other  is  fuch  that  its  Force 
is  reciprocally  in  a  duplicate  Pro¬ 
portion  or  as  the  Squares  of  their 
Diftances.  For  Example,  a  Body 
which  at  the  Diftance  of  ten  Dia¬ 
meters  of  the  Earth,  weighs  a  hun¬ 
dred  Pounds  ;  would,  if  its  Diftance 
were  but  half  fo  tar,  weigh  four 
Times  as  much  j  and  if  but  a  third 
Part  fo  far,  nine  Times  as  much. 
So  iikewife,  the  Force  which  upon 
the  Superficies  of  the  Earth,  could 
fupport  a  Hundred  Pound  Weight  j 
if  it  were  twice  as  far  off  the  Cen¬ 
ter,  could  fupport  four  Times  the 
Weight,  if  three  Times  as  far  oft', 
it  could  fupport  nine  Times  the 
Weight. 

Having  laid  this  down  for  the  Na¬ 
ture  of  Gravity,  it  follows : 

Firjt ,  That  Gravity  or  the  Weight 
of  Bodies  is  not  any  accidental  Ef¬ 
fect  of  Motion  or  of  any  very  fubtle 
Matter,  but  an  original  and  general 
Law  of  all  Matter  imprefTed  upon  it 
by  God,  and  maintained  in  it  perpe¬ 
tually  by  fome  efficient  Power, 
which  penetrates  the  folid  Subftance 
of  it ;  for  Gravity  n«YC X  is  #1  Pio- 
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portion  to  the  Superficies  -of  Bodies 
or  of  any  Corpufcles,  but  always  to 
the  folid  Quantity  of  them.  Where¬ 
fore  we  ought  no  more  to  enquire 
how  Bodies  gravitate,  than  how 
Bodies  began  firft  to  be  moved. 

Secondly ,  Hence  it  follows,  that 
there  is  really  a  Vacuum  in  Nature, 
and  that  it  is  much  the  greateft  Part. 
For  fince  Gravity  is  an  univerfal  Af- 
feft:on  of  Matter,  if  we  fuppofe  the 
World  to  be  full,  it,  would  follow, 
that  all  Bodies  would  be  equally  hea¬ 
vy  $  which  is  very  abfurd. 

‘  Thirdly,  This  being  laid  down 
for  the  Nature  of  Gravity  j  it  will 
follow,  that  the  Planets,  if  they 
have  once  imprefTed  upon  them  by 
God,  the  meft  Ample  projeftile 
Motion  in  ftreight  Lines,  will  re¬ 
volve  about  the  Sun,  as  we  fee  they 
really  do,  in  Circles  or  Ellipfis, 
without  the  Help  of  Vortexes.  See 
the  Notes  on  Chap.  XXV.  Art.  ZZ» 
of  this  Part. 

Fourthly ,  Hence  it  follows,  that 
if  any  very  great  Co  l  left  ion  of  fluid 
Matter  be  gathered  together  upon  the 
Superficies  of  the  Earth,  it  mud  flow 
backward  and  forward  according  to 
the  various  Motions  of  the  Sun  and 
Moon,  becaufe  of  its  gravitating  to¬ 
wards  them,  in  proportion  to  thfcir 
Magnitudes  and  Diftance?.  See  the 
Notes  on  the  following  Chapter. 

Laffly,  So  eafy  and  agreeable  to 
the  nature  of  Things,  is  this  Notion 
of  Gravity,  that  Kepler,  though  he 
could  not  explain  the  Manner  of  the 
cceleftial  Motions  by  it,  yet  he  con¬ 
tended  that  it  was  true. 

Gravity,  fays  he,  it  a  corporeal 
AffeElion,  which  it  mutual,  betwixt 
Bodiet  of  itbe  fame  Nature,  &c. 

If  the  Earth  w at  not  round,  heavy 
Bodiet  would  not  dfeend  from  all 
Parts  dirt&ly  towards  the  Center  of 
the  Earth  ;  but  from  different  Sidet 
would  defcend  towards  different  Point» 

If  two  Stones  were  placed  near  each 
other  in  any  Place  of  the  War  Id, out  of 
the  Peach  of  the  Athon  of  any  third 
Body  of  the  fame  Nature  j  tbefe  Stonet 
in  the  fame  NL  anner  at  two  Load¬ 
stones,  would  meet  in  an  intermediate 
Bidet, each  approaching  to  the  other  by 
Q  fuch 


I 
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*$•  Why  j£t  However  this  is  not  always  true,  nor  is  it  ever  fo 
untqualBig -  but  when  all  Circumftances  are  alike ;  for  it  is  to  be  ob- 
neft  weigh  ferved,  that  all  terreftrial  Bodies  have  Pores,  which 
alike,  the  Matter  of  the  firft  and  fecond  Element  can  very 
eafily  enter  into ;  they  muft  neceffarily  always  contain 
in  them  a  certain  Quantity  of  that  Matter;  which  having 
juft  as  much  Force,  as  an  equal  Quantity  of  the  fame 
Matter,  which  is  in  the  Pores  of  an  equal  Portion  of 
Air  that  muft  afcend  into  the  Place  of  the  terreftrial 
Body,  it  is  only  the  Difference  betwixt  the  two  Quan¬ 
tities  of  fubtle  Matter  that  ought  to  be  confidered:  Fur¬ 
ther,  there  is  always  a  certain  Quantity  of  terreftrial 
Matter  in  every  Portion  of  Air  likewife,  which  ought  to 
be  deducted,  out  of  that  which  compofes  the  heavy  Body 
with  which  it  is  compared :  So  that  the  whole  Weight 
of  a  Body  confifts  in  this,  that  the  Remainder  of  the 
fubtle  Matter,  which  is  in  the  Portion  of  Air  that  fuc- 
ceeds  in  the  room  of  the  heavy  Body,  has  more  Force 
to  go  off  from  the  Center  of  the  Earth  than  the  Remain¬ 
der  of  the  terreftrial  Matter,  which  compofes  the  heavy 
Body.  And  as  Things  may  be  diverfified  a  great  many 
Ways,  from  hence  arifes  the  unequal  Weight  of  diffe¬ 
rent  Bodies  of  the  fame  Bignefs  ;  and  this  is  alfo  the 
Reafon,  that  fome  which  are  very  large,  do  notwith- 
ftanding  weigh  but  a  little. 

j6 .Why the  16.  As  to  the  Velocity  with  which  heavy  Bodies  fall 

towar^s  the  Earth,  and  the  Proportion  which  Bodies  of 
diet  increofei  different  Weight  obferve  in  falling,  there  are  many  Par- 
si  they  jail,  ticulars  worth  our  Notice  ;  and  Firji^  it  may  be  demand¬ 
ed  ;  Whence  it  is  that  their  Celerity  increafes  in  Pro¬ 
portion  to  their  Defcent  in  the  Air?  To  which  it  is 
eafy  to  anfwer ;  that  when  a  Body  begins  to  defcend,  its 
Velocity  cannot  be  very  great,  becaufe  the  fubtle  Matter 
which  is  about  it  getting  into  its  Place,  and  which  is  all 
that  it  is  impelled  by,  cannot  force  it  downwards  with  fo  * 
great  a  Celerity,  as  it  has  itfelf  to  recede  from  the 


fucb  an  Interval  at  is  proportional  to 
the  ether's  Bulk. 

If  the  Moon  and  the  Earth  were 
not  kept  eaoh  in  their  Orbits  by  an 
animal  Force  ,  or  fome  thing  equi¬ 
valent  to  it  j  the  Earth  would  af¬ 
cend  towards  the  Moon  a  fifty -fourth 
Part  of  the  Difiance  between  them , 
and  the  Moon  would  defcend  towards 
the  Earth  fifty  - three  Parts  of  the 
i)  fiance  or  thereabouts  5  and  there 


they  would  be  united  together.  7b is 
would  be  fo  upon  Suppofitionf  that  the 
Matter  of  them  both  is  of  the  ( amt 
Denfity.  See  Kepler's  Introduction 
to  his  Book  concerning  the  Motioni 
of  Man. 

But  as  to  the  efficient  Caufe  of  thi* 
Gravity,  as  we  have  called  it,  See 
above  Chap.  XI,  Art,  15.  of  the  firft 
Part • 
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Center 
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Center  of  the  Earth.  But  when  it  is  once  put  in  Mo¬ 
tion  and  begins  to  defcend,  the  fubtle  Matter  which  is 
underneath  it,  and  which  tends  with  its  whole  Force  to 
afcend  as  high  as  it  can,  pufhes  it  downwards  continually, 
and  fo  perpetually  adds  new  Degrees  of  Celerity  to  thofe 
which  it  had  before.  And  this  is  the  Reafon  why  the 
(1)  Celerity  encreafes  every  Moment,  and  that  its  Fall 
is  the  more  or  lefs  violent,  according  to  the  greater  or 
leffer  Height  from  whence  it  begins  to  defcend. 


(1)  The  Celerity  increafes  every 
Moment ,  &c  )  The  Motion  of  fal¬ 
ling  Bodies  is  iracreafed  in  the  pro¬ 
portion  of  odd  Numbers,  I,  3,  5, 
7,  9,  &c.  So  that  the  Spaces  run 
through,  are  as  the  Squares  of  the 
Times,  that  is,  if  a  heavy  Body 
defcend  a  Foot  in  one  Moment, it  will 
defcend  four  Foot  in  two  Moments, 
nine  Foot  in  three  Moments,  &c. 

But  becaufe  this  is  one  of  the  Prin¬ 
cipal  Phaenomena  ofNature,  I  /hall 
add  a  fuller  Differtation  upon  this 
Matter. 

The  famous  Sir  Ifaac  Newton  has 
/hewn,  that  the  Gravity  of  Bodies 
which  are  above  the  Superficies  of 
the  Earth,  is  reciprocally  as  the 
Squares  of  their  Difiances  from  its 
Center  ;  But  the  Theorems  concern¬ 
ing  theDefcentof  heavy  Bodies,  de- 
monftrated  by  Gallilaut ,  Hugent, 
and  others,  are  built  upon  this  Foun¬ 
dation,  that  the  A&ion  of  Gravity 
is  the  fame  at  all  Diftances.  The 
Confequences  of  which  H'ypothefis, 
are  found  to  be  very  nearly  agreeable 
to  Experience,  becaufe  the  Spices  to 
which  Bodies  can  be  carried  above 
the  Superficies,  are  fo  very  final! 
compared  with  the  length  of  the 
Earth’s  Semi- diameter  ;  that  the 
Difference  of  the  Diftances  from  its 
Center,  may  be  looked  upon  as  no¬ 
thing.  Suppofing  therefore  the  Ac¬ 
tion  of  Gravity  to  be  equable,  and 
that  there  is  no  Refiftance  in  the 
Medium  through  which  Bodies  fall  ; 
the  following  Theorems  may  be 
thus  demonftrated. 

Prop,  I. 

The  Velocities  acquired  by  a  hea¬ 
vy  Body,  which  was  at  reft  till  it  be¬ 
gan  to  fall,  at  the  Conclufion  of  any 
Times  computed  from  the  Begin- 

Y  Ok  II, 


17.  It 

ning  of  their  Fall,  bear  the  fame 
Proportion  to  each  other  as  thefe 
Times. 

For  it  is  evident  $  that  in  a  Mo¬ 
tion  performed  in  the  fame  ftreight 
L  ne,  and  accelerated  by  equal  and 
fuccefiive  Impulfes,  the  Velocities 
acquired,  muftbe  as  the  Number  of 
Impulfes.  If  therefore  we  imagine 
the  Time  of  the  Defcent  to  be  di¬ 
vided  into  infinitely  fmall  and  equal 
Moments  or  Points  of  Time,  and 
that  the  Force  by  which  the  heavy 
Body  is  urged  downward,  ddds  in 
every  one  of  thefe  Moments  a  new 
Impulfe  to  it,  always  equal  to  the 
foregoing  one  ;  that  is,  a£b  upon  it 
continually  in  the  fame  Way  and 
Manner  j  it  is  manifeft  that  the 
heavy  Body  may  be  apprehended  to 
have  received  as  many  Impulfes 
while  it  was  fallen,  as  there  are 
Moments  of  Time  computed  from 
.  the  Beginning  of  its  Defcent.  The 
Velocities  acquired  therefore,  areas 
the  Number  of  Moments  computed, 
that  is,  as  the  Times  taken  up  in 
falling.  Q^_  E-  D. 

Co  roll. 

In  the  right  angled  Triangle  ABC, 
if  AB,  AD  reprefent 
the  Times  of  Defcent  j  Tab.  XXL 
and  if  BC  ieprefents  Fig.  1. 

•  the  Velocity  required  at 
the  End  of  the  Time  AB  ;  then 
D  E  parallel  to  BC  will  reprefent  the 
Velocity  at  the  End  of  theTime  AD. 

Prop.  II. 

The  Spaces  run  through  by  a  heavy 
Body  which  was  at  reft  before  i- be¬ 
gan  to  fall,  in  any  Times  computed 
from  the  Beg’nning  of  the  Fall,  are  in 
a  duplicate  Proportion  both  of  thofe 

G  %  Times* 


too 
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*7*  'Tbrttbt  jy#  It  is  true,  and  it  is  the  Second  Particular  here  to 
%fo  great*?  be  conlidered,  that  a  Body  may  arrive  to  fuch  a  Degree 

as  ntt  to  be  of 

increafed . 

Times,  and  of  the  Velocities  acqui-  with  an  equable  Motion,  with  the 
red  at  the  End  of  thofe  Times.  Velocity  acquired  inthelaft  Moment 

For  it  is  evident,  that  the  Spaces  of  its  Fall. 

•  which  a  heavy  Body  paffes  through 
an  falling,  in  any  Times  whatfoever, 
are  to  one  another,  as  the  Sums  of 
the  Velocities  with  which  the  heavy 


Let  AB  reprefent  the  Time  qf 
the  Defcent  $  BC  the 
Velocity  acquired  at  Tab.  XXL 
the  End  of  it,  and  Fig.  1» 


Body  is  carried  in  every  one  of  the  let  the  Triangle  ABC 

Moments  of  thofe  Times.  Now  the  be  completed  into  the  Parallelogram 

preceding  Corollary  being  granted  ,  BF  i  It  is  manifeft,  that  the  Space 

«very  one  of  the  Lines  that  are  pa-  pafled  through  in  the  Time  AB, 

xallel  to  DE  in  the  Triangle  ADE,  with  the  equable  Velocity  BC,  is 

do  each  of  them  reprefent  every  one  rightly  reprefented  by  this  Paralle- 

©f  the  Velocities  with  which  the  logram.  But  the  Triangle  ABC  is 


heavy  Body  is  carried  in  the  Corre- 
fpondent  Moments  of  the  Time  re¬ 
prefented  by  AD  (  by  the  preceding 
Coroll. )  Therefore  the  Sum  of  thefe 
Lines  or  the  Triangle  ADE  will  re¬ 
prefent  the  Sum  of  all  the  Velocities 


half  this  Parallelogram.  Therefore 
Sec.  E.  D. 

N.  B.  The  three  foregoing  Theo¬ 
rems  are  true  alfo  if  applied  to  heavy 
Bodies  defcending  upon  any  inclined 
Planes  $  becaufe  they  are  urged  a- 


with  which  the  heavy  Body  is  car-  long  thofe  Planes  by  a  Force  which 
tied  in  the  Time  AD.  For  the  fame  is  given  and  equable,  and  which  is 
Reafon  the  Triangle  ABC  will  re-  to  the  Force  of  Gravity,  as  the 

prefent  the  Sum  of  the  Velocities  Height  of  the  Plane  to  the  Length 

with  which  the  heavy  Body  is  carri-  of  it.  See  the  Notes  on  Part  I, 

ed  in  the  Time  AB.  The  Spaces  Chap.  17.  Art,  g.  Prop,  a. 

therefore  run  through  in  the  Times 

AD,  AB  are  to  each  other  as  the  Prop.  IV  • 

Triangles  ADE,  ABC.  But  thefe 

Triangles  are  to  one  another  in  a  The  Velocity  ultimately  acquired 
duplicate  Proportion  as  well  of  AD  in  falling  along  any  in-  rp  . 

to  AB,  as  of  DEto  BC,  that  is,  as  dined  Plane  AC,  ise-  p.  *  ^ 

well  of  the  Times  of  their  Defcent  qualtothe  Velocity  ac- 

of  their  final  Velocities.  The  quired  in  falling  the  Alt:tude  of  it 


as 


Spaces  therefore  run  through,  areto  AB  ;  and  therefore  the  Velocities 
©ne  another  in  the  fame  Proportion.  ultimately  acquired  in  falling  along 


Qjj  E.  D. 


Coroll , 


If  the  Times,  computed  from  the 
Beginningof  the  Fall,  be  to  one  ano¬ 
ther  as  Numbers  incredfing  in  the 
Rank  1,  2,  3,  4,  See,  the  Spaces 
run  thro’  in  thefe  Times,  will  be  as 
the  Squares  of  thefe  Numbers  ;  vi». 


any  inclined  Planes  AC,  AD  whofe 
Altitude  is  the  fame,  are  equal  : 
And  the  Times  of  their  Defcent  a- 
long  the  fame  Planes,  are  as  the 
Lengths  of  thofe  Planes. 

From  what  has  been  already  faid, 
it  is  evident  5  that  in  Motions  equa¬ 
bly  accelerated,  the  Velocities  gene¬ 
rated  in  a  given  Time,  and  conie- 
quently  the  Spaces  run  through,  are 


as  the  Numbers  1, 4,  9,  16,  See.  and  to  each  other  as  the  Forces  by  which 
the  Spaces  run  through  in  eqtial  con-  the  Velocity  is  generated 


tiguous  Times,  will  be  as  the  odd 
Numbers  1,  3,  5,  7,  See. 


Prop.  III. 


The  Space  run  thro*  by  a  heavy 


Firfi  then,  let  the  Perpendicular 
BP  be  let  fall  from  Bto  AC  }  and 
the  heavy  Body  in  defcending  along 
AC,  will  arrive  at  P,  in  the  fame 
Time  that  it  would  arrive  at  B  in 
falling  from  A  j  (for  AB  is  to  AP, 


Body  which  was  at  reft  before  it  be-  as  AC  to  AB ;  that  is,  as  the  Force 
gan  to  fall,  in  any  Time  whatfoe-  with  which  th z  heavy  Body  is  urged 
ver,  ii  haif  the  Space  which  it  along  AB,  to  the  Force  wiih  which 
would  run  thro’  in  the  fame  T.mc  -it  2»  ir^ed  aiopg  the  Plane  AC  ;  ) 

whersforc 


\  ' 
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of  Celerity,  as  cannot  be  further  increafed  ;  either  becaufe 
the  Air  is  uncapable  of  opening  any  freer  PafTage  for  it  j 

or 


wherefore  the  Velocity  !n  B  is  alio 
te  the  Velocity  in  P,  as  AB,  to  AP  ; 
but  the  Velocity  in  P,  is  to  the  Ve¬ 
locity  in  C,  in  a  fub- duplicate  Ratio 
(iy  Prop.  2.)  of  AP  to  AC,  that 
is,  as  AP  to  AB.  The  Velocity  in 
B  therefore,  is  to  the  Velocity  in  C, 
In  a  Ratio  cormounded  of  AB  to 
AP,  and  AP  to  AB  $  but  this  is  a 
Ratio  of  Equality.  Therefore,  Sec. 
Secondly ,  Becaufe  the  Time  of  the 
Defcent  from  A  to  P,  is  to  the 
Time  of  Defcent  from  A  to  C,  in  a 
iub-duplicate  Ratio  ( by  Prop.  2)  of 
AP  to  AC  alfo  ;  that  is,  as  AP  to 
AB,  or  as  AB  to  AC  $  and  becaufe 
a  heavy  Body  in  falling  from  A  will 
arrive  at  B  in  the  fame  Time  as  at 
P  j  therefore  the  Time  of  Defcent 
along  AB,  is  to  the  Time  of  Def¬ 
cent  along  AC,  as  AB  to  AC.  And 
for  the  fame  Reafon,  the  Time  a- 
long  AD,  as  AB  to  AD*  There¬ 
fore  See.  E.  D. 

Prop.  V. 

If  the  Diameter  AB  of  any  Circle 
be  ereGed  perpendicular  to  the  Ho¬ 
rizon,  the  Times  of 
Tab.  XXI.  Defcent  along  any 

Fig.  3.  Chords,  fuch  as  BC 

drawn  from  the  Extre¬ 
mity  of  It,  are  equal.  And  the  Ve¬ 
locities  acquired  in  the  Paint  B  are 
to  each  other  as  thofe  Chords. 

For  if  CD  be  let  fail  perpendicular 
from  C  to  A8  $  yfr/?,  the  Time  of 
Defcent  from  A  to  B,  is  to  the  Time 
of  Defcent  from  D  to  B,  as  AB  to 
CB  (iy  Prop.  2. )  And  the  Time 
from  D  to  B,  is  to  the  Time  from 
C  to  B  j  as  DB  to  CB  [by  Prop.  4.) 
Therefore  the  Time  from  A  to  B, 
is  to  the  Time  from  G  to  B  in  the 
Ratio  compounded  of  AB  to  BC  and 
DB  to  BC,  or  as  AB  X  BD,  to 
BCq.  But  thefe  are  equal,  and  con.- 
fequently  the  Times  of  Defcent  are 
equal.  Wherefore,  Cnee  the  Times 
of  Defcent  along  any  Chords  are  all 
equal  to  the  Time  of  Defcent  thro’ 
the  Diameter  j  they  are  alfo  equal 
to  each  other.  Secondly ,  The  Ve¬ 
locity  acquired  in  falling  from  D  to 
B,  and  trom  C  to  B,  is  the  fame  j 
$y  Prop.  4.)  Now  this  Latter,  is  to 


the  Velocity  acquired  in  falling  from 
A  to  B,  as  CB  to  AB  [by  Prop.  2,) 
Therefore  See.  E.  D. 

Core U. 

Hence  we  fee  the  Reafon,  why 
the  Times  of  the  Vibrations  of  a 
Pendulum  deferibing  very  fmall  Ar¬ 
ches  of  a  Circle,  are  very  nearly 
equal  j  for  thofe  Arches  differ  very 
little  from  their  Chords,  either  in 
Length  or  PoCtion. 

Prop.  VI. 

If  a  heavy  Body  defeends  from 
any  Altitude  thro’  never  fo  many 
contiguous  Planes  of 
any  Sort,  and  any  In-  Tab.  XXI* 
clination  whatfoever  Fig.  4. 

AB,  BC,  CD  j  it  will 
acquire  the  fame  Velocity  at  the  Iafty 
as  it  would  acquire  in  falling  perpen¬ 
dicularly  from  the  fame  Height. 

Let  AF,  DG,  be  drawn  parallel  t<j 
the  Horizon ;  let  CB,  DC  be  pro¬ 
duced  till  they  meet  AF  in  the 
Points  E  and  F,  and  let  theperpen- 
dicular  FG  be  let  fall. 

The  heavy  Body  in  falling  from 
A  to  B,  will  acquire  the  fame  Ve¬ 
locity  ,  as  if  it  had  come  to  B  along 
EB,  [by  Prop.  4.)  Wherefore,  fince 
the  turning  out  of  its  Courfeat  B  is 
fuppoled  no  Way  to  hinder  its  Mo¬ 
tion,  it  will  have  the  fame  Velocity 
in  C,  as  if  it  had  defcended  along 
EC  j  that  is,  as  if  it  had  defcended 
along  CF,  [by  Prop.  4.)  Therefore 
it  will  have  the  fame  Velocity  in  D 
as  if  it  had  defcended  along  FD  : 
And  this  is  equal  to  that  which  it 
would  have  hsd  in  falling  perpendi¬ 
cularly  along  FG,  [by  Prop.  4.  \ 
Therefore  &c.  E.  D. 

Cor  ell. 

A  heavy  Body  defcending  in  any 
Curve,  will  acquire  the  fame  Velor 
city  as  it  would  acquire  in  falling 
from  the  fame  perpendicular  Height  £ 
for  a  Curve  may  be  looked  upon  at 
compofed  of  an  infinite  Number  pf 
ftreight  Lines* 

C  3 


Prop. 
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or  becaufe  it  having  acquired  as  much  Motion  downwards 
as  the  fubtle  Matter  it  felf,  which  caufes  it  to  defcend, 

has 


Prop.  VII. 

If  the  Inclination  of  any  Number 
of  contiguous  Planes 
Tab.  XXI.  whatfoever,  AB,  BC, 
Fig.  4,  5.  CD  ;  ab,  be,  cd,  be 
in  the  fame  ;  and  the 
Ratio  of  their  Lengths  be  the  fame  ; 
the  Times  in  which  they  will  be  run 
through  by  a  heavy  Body ,  will  be 
in  a  fub-duplicate  Ratio  of  thofe 
Lengths  taken  together. 

Let  AF,  a  f,  be  drawn  parallel  to 
the  Horizon  $  and  let  BC,  CD  j  b  c, 
cd,  be  produced  till  they  meet  AF, 
a  f,  in  E  and  F,  e  and  f.  It  is  evi¬ 
dent,  by  the  Hypothefis,  that  BE 
lias  the  fame  Ratio  to  b  e,  and  CE 
to  ce,  and  DF  to  d  f ;  as  AB  has  to 
a  b  or  BC  to  b  c,  or  CD  to  c  d  $  and 
alfoas  AB-j-BC-f-CDhasto  a  b-|- 
bc  +  cd.  Now  becaufe  of  the  e- 
qual  Angles  BAE,  bae,  the  Times 
of  the  Defcents  along  AB,  a  b,  will 
be  in  a  fub-duplicate  Ratio  of  AB 
to  a  b  j  (by  Prop.  2.  )  and  the  Ve¬ 
locities  in  the  Points  B  and  b  will  be 
in  the  fame  as  would  have  been  ac¬ 
quired  in  falling  along  EB  e  b  (^y 
Prop.  4.)  If  therefore  the  Motion 
be  continued,  the  Spaces  BC  be, 
will  be  run  through  in  the  fame 
Times  as  if  the  heavy  Body  had  be¬ 
gun  to  fall  from  the  Points  E  e.  But 
the  Times  of  the  Defcents  as  well 
through  EB,  e  b,  as  through  EC, 
e  c,  are  in  a  fub-duplicate  Ratio  of 
thofe  Lines,  that  is,  in  a  fub-dupli- 
cate  Ratio  of  AB  to  a  b.  Therefore 
(by  Divifion )  the  Time*  along  BC, 
be,  after  having  fallen  along  AB, 
a  J),  are  in  the  fame  Ratio.  And 
therefore  (by  Compojition )  the  times 
along  AB-|~  BC  CD,  ab-j-bc 
4-  c  d,  are  in  the  fame  Ratio  alfo. 
In  the  fame  manner  may  it  be  de- 
monlfrated  that  the  Times  of  paffing 
through  AB  -J-  BC  CD,  a  b  -j- 
bc  +  cd,  are  in  the  fame  Ratio  of 
AB  to  a  b,  or  of  AB-}-BC  -j-  CD, 
to  a  b  -j-  be-}-  c  d,  and  fo  on  lor 
ever,  let  the  Number  of  Planes  be 
«ever  fu  many.  Therefore&c  QJE.D. 

Coroll.  1, 

The  Times  in  which  a  heavy  Bo¬ 
dy  ra.i's  through  iijxilar  Parts  of 


Curves  whofe  Pofition  is  the  fame* 
are  in  a  fub-duplicate  Ratio  of  thofe 
Parts.  For  thofe  Parts  of  Curves 
may  be  looked  upon  as  compofed  of 
an  infinite  Number  of  {freight  Lines 
whofe  Ratio  is  given,  and  their  In¬ 
clination  to  each  other  Similar . 

Coroll.  2» 

The  Times  in  which  Pendulums 
deferibing  fimilar  Arches  of  Circles 
vibrate,  are  in  a  fub-duplicate  Ratio 
of  the  Lengths  of  the  Threads  j  for 
thefe  Threads  or  Radius’s  of  Circles 
are  in  the  fame  Ratio  as  their  fimi¬ 
lar  Arches.  And  the  fame  holds 
true  though  the  Arches  be  not  fimi¬ 
lar  ;  provided  they  be  very  fmall, 
(  by  Coroll.  Prop.  V.) 

The  following  Proportions  may  alfo 
be  very  properly  added  in  this  Place. 

Of  the  Motion  of  Projectiles. 

The  fame  Law  of  Gravity  being 
fuppofed  as  before,  and  that  there  is 
no  Refiftance  from  the  Medium, 
and  that  heavy  Bodies  defcend  per¬ 
pendicularly  to  a  given  horizontal 
Plane  ;  (  which  Hypothefis,  becaufe 
of  the  final!  Spaces  through  which 
Bodies  are  projected,  compared  with 
the  Earth’s  Circumference,  d:fters 
very  infenfibly  from  the  Truth)  the 
Affe&ions  of  the  Motion  of  Projec¬ 
tiles  may  eafily  be  demonftrated. 

Prop.  VIII. 

If  a  Body  goes  along  with  a  com¬ 
pound  Motion,  confifting  of  an  equa¬ 
ble  Motion  in  a  {freight  Line  given 
in  Pofition,  and  of  the  Motion  ari- 
fing  from  the  Force  of  Gravity  :  It 
will  deferibe  a  parabolick  Curve, 
which  the  {freight  Line  given  in 
Pofition,  will  touch  in  the  Point 
where  the  Body  begins  to  move,  and 
all  the  Diameters  of  this  Curve  will 
be  perpendicular  to  the  Horizon. 

Let  the  Body  be  moved  from 
the  Point  P,  with  an  equable  Motion 
according  to  the  Direction  of  the 
Line  PL  given  in  Pofition  $  and  at 
the  fame  Time  let  it  be  drawn 
downwards  by  its  own  Gravity,  ac¬ 
cording 
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has  upwards  ;  there  remains  nothing  that  can  give  it  any 
new  Degrees  of  Motion  which  might  increafe  its  Ce¬ 
lerity. 

18.  Laftly, 


cording  to  the  DiredHon  of  PG,  per¬ 
pendicular  to  the 
Tab.  XXIII.  Horizon  PH.  Now 
Fig*  1.  fince  neither  of  thefe 

Motions  hinder  the 
other  fo,  but  that  the  Body  may  go 
on  according  to  the  Diredtion  of  the 
Line  PL  in  the  lame  manner,  as  if 
the  Force  of  Gravity  did  not  adl  at 
all  $  and  that  it  may  1  ikewile  de- 
fcend  according  to  the  Dire&ion  of 
the  Line  PG  in  the  fame  manner 
as  if  it  had  not  been  impelled  by 
the  projedtile  Motion  s  If  the  Body 
moves  through  the  Spaces  PL,  PI 
with  an  equable  Motion,  in  the 
fame  Times  as  they  will  fall  thro* 
the  Spaces  PG,  Pg  j  it  is  manifeft, 
that  if  GV  gv  be  drawn  parallel  to 
PL,  and  LV,  Iv,  parallel  to  PG, 
till  they  meet  each  other  in  the 
Points  V,  v,  the  Body  will  be  found 
at  the  End  of  thofe  Times  in  the 
Points  V,  v  :  Now  becaufe  in  the 
Motion  along  the  Line  PL  is  equa¬ 
ble,  PL,  PI,  will  be  to  each  other 
as  the  Times  in  which  they  are  paf- 
fed  through ;  but  PG  will  be  to  Pg 
as  the  Squares  of  thofe  Times  (by 
Prop,  z.)  PG  therefore  or  LV,  is  to 
Pg  or  1  v,  as  PLq  :  to  Plq  :  All  the 
Points  Vv,  therefore  are  in  a  para- 
bolick  Curve,  which  PL  touches  in 
the  Point  P,  and  all  the  Diameters 
of  which  are  parallel  to  PG,  that 
is,  perpendicular  to  the  Horizon, 
CC  E.  D.  , 

When  I  mention  hereafter  the  Pa  • 
rameter  fingly,  you  are  to  underftand 
that  Parameter  which  belongs  to 
that  Point  in  the  Curve  defcribed 
from  whence  the  Projection  is  made. 

Prop.  IX. 

The  Velocity  with  which  the  Eo- 
dy  is  projected  along 
Tab.  XXIII.  the  Line  PL,  is  equal 
Fig.  1.  to  that  which  it 

would  acquire  in  fal¬ 
ling  through  a  fourth  Part  of  the 
Parameter. 

A  Body  with  an  equable  Motion 
pafles  through  the  Space  PJ,  in  the 
fame  Time  that  it  falls  through  the 
Space  lv.  Now  if  PI  betaken  equal 
to  half  the  Parameter,  lv  will  be 


equal  to  half  PI.  Now  the  Veloci¬ 
ty  acquired  in  falling  through  lv  is 
fuch  that  double  the  Space  1  v,  that 
is,  the  Space  PI  would  be  run  thro* 
in  the  Time  of  its  Fall  (by  Prop.  3.) 
But  the  Body  by  the  projectile  Moti¬ 
on  pafles  thro’  the  fame  Space  PI  in 
the  fame  Time.  So  that  the  Velo¬ 
city  of  the  one  is  equal  to  the  Velo¬ 
city  of  the  other,  E.  D. 

Co  roll.  1. 

If  the  Velocity  of  the  projeflile 
Motion  be  the  fame,  the  Parameter 
will  be  the  fame,  whatever  the  Dif 
redtion  of  the  Projection  be. 

Coroll.  2. 

The  Velocity  of  a  projedted  Body 
in  any  Point  of  the  Curve  which  it 
deferibes,  is  the  fame  as  it  would  ac¬ 
quire  in  falling  through  a  fourth  Part 
of  the  Parameter  belonging  to  that 
Point  ;  and  therefore  the  Velocities 
of  it  in  d  ifferent  Points  are  in  a 
fub-duplicate  Ratio  cf  the  Parameters 
belonging  to  thofe  Points,  (by  Prop • 
2.)  For  the  projected  Body  may  be 
confidered  in  any  Point  of  the  Curve 
defcribed  as  if  it  began  to  be  moved 
firft  in  that  Point  according  to  the 
Tangent  of  it,  and  afterwards  de- 
feribed  the  reft  of  the  Curve. 

Cor  oil.  3. 

The  Velocity  of  a  projedted  Body 
is  Jeaft  therefore  when  it  is  in  the 
Axis  of  the  Curve  j  and  is  the  fame 
at  equal  Diftances  from  the  Axis 
on  each  S'de  j  and  the  greater  the 
more  remote  it  is 
from  the  Axis  :  And  Tab.  XXIII. 
the  Velocities  of  it  Fig.  2. 
in  different  Points, 
are  to  each  other  as  the  Secants  of 
the  Angles  which  the  Tangents  to 
thofe  Points  when  produced,  make 
•with  the  horizontal  Line.  For 
let  the  ftreight  Line  PL  touch  the 
Curve  in  the  Point  P  ;  and  meet  any 
Diameter  VH  produced  in  L,  and 
let  PO  be  an  O.d  nate  from  the 
Point  P  tp  the  lame  Diameter,which 

G  4  will 
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1 8.  ‘That  the 
Celerity  of 
the  Fall  of 
unequally 
heavy  Bo¬ 
dies  is  not 
proportiona¬ 
ble  to  their 
Weight, 


1 8.  Lajily ,  In  order  to  determine  the  Proportion  ob^ 
ferved  by  Bodies  of  unequal  W eight  in  their  falling,  the 

follow^ 


will  therefore  make  the  fame  Angles 
with  the  horizontal  Line  PH ,  as  the 
Tangent  of  the  Curve  in  the  Point 
V  does-  Now  if  PH  be  the  Radius, 
PL,  PO  will  be  the  Secants  of  the 
forementioned  Angles  :  And  it  is 
eafy  to  fhew  from  the  conick  SeCti- 
ons,  that  thele  Secants  are  to  each 
other  in  a  fub-duplicate  Ratio  of  the 
Parameters  belonging  to  the  Points 
P  and  V,  that  is,  ( by  the  preceding 
Coroll.)  as  the  Velocities  of  the  pro¬ 
jected  Body  in  the  Points  P,  V. 

Coroll.  4. 

Let  the  projected  Body  begin  to 
move  from  the  Point  A,  according 
to  any  Direction  AT  :  Let  the  ho¬ 
rizontal  Line  AH  be  drawn,  and 
AP  ere&ed  perpendicularly  to  it,  and 
equal  to  a  fourth  Part  of  the  Para¬ 
meter  of  any  Curve  to  be  defcribed 
with  a  given  Force. 
Tab.  XXIII.  On  the  Diameter 
Fig.  3.  AP  let  the  Semir 

circle  ATP  be  de¬ 
fcribed,  cutting  the  Direction  of  the 
projected  Body  in  T-  From  whence 
let  TF  be  let  fall  perpendicular  to 
PA.  Now  fince  the  projected  Eody 
can  run  through  a  Space  double  to 
PA  with  the  Velocity  acquired  in 
falling  thro’  PA,  and  in  the  fame 
Time  (by  Prop.  3.)  and  fince  this 
Velocity  is  equal  to  that  with  which 
the  projected  Body  goes  out  from 
the  Point  A  :  (by  Prop.  9.)  If  AP 
jreprefents  the  Time  of  falling  from 
P  to  A,  the  projected  Body  will  be 
carried  in  the  Line  of  its  Direction 
AT  through  a  Space  double  to  AT, 
In  the  Time  reprefented  by  the  Line 
AT,  and  thro’  a  Space  four  Times 
Tthe  Length  of  AT,  in  twice  the 
Time  of  AT.  Let  that  Space  be  AE, 
and  from  E  let  the  perpendicular 
EH  b«  Jet  fall  to  the  horizontal 
Jbine.  Further,  in  the  Time  repre¬ 
fented  by  AT  the  projected  body 
will  fall  through  the  Space  FA  (by 
Prop.  %.)  and  in  the  Time  repre¬ 
fented  by  double  AT,  it  will  fall 
through  four  Times  the  Space  FA 
oir  through  the  Space  EH  :  That  is, 
in  the  ftmeTime  that  the  tody  by 
its  projeCftle  M  >tion  paffes  through 
jihe  §pace  AE,  it  will  fall  through 


the  Space  EH,  and  fo  meet  the  Ho¬ 
rizon  ;  but  AH  is  its  horizontal 
Space,  and  AF  the  Altitude  of  the 
Parabola  defcribed.  Whence  th$ 
following  Confedlaries  flow  alfo. 

Cor  oil.  5, 

The  horizontal  Spaces  defcribed  by 
a  projected  Body  with  a  given  Force, 
are  to  each  other  as  the  Sines  of 
double  the  Angles  which  are  made  by 
their  Directions  and  the  horizontal 
Line  ;  And  therefore  its  greateft  ho¬ 
rizontal  Space,  is,  when  that  Angle 
is  half  a  right  Angle  ;  and  it  is  e- 
qual  to  half  the  Parameter  of  the 
Curve  defcribed  ;  and  thefe  Spaces 
are  equal,  when  the  Directions  of  the 
projected  Body  differ  from  a  right 
Angle  by  equal  Angles  on  each  Side  j 
for  thefe  Spaces  are  as  the  Lines 
FT  j  and,  if  CT  be  Radius,  FT 
is  the  Sine  of  the  Angle  FCT 
which  is  double  EAH,  whence  the 
reft  are  manifeft. 

Coroll.  6. 

The  Altitudes  of  the  Curves  de* 
feribed,  are  to  each  other,  as  the 
verled  Sines  of  the  aforefaid  Angles, 
for  they  are  equal  to  the  Lines  FA. 

Coroll.  7. 

The  Times  which  a  projected  Body 
takes  up  in  deferibing  thofe  Parts  of 
the  Curves,  which  are  cutoff  by  tlte 
horizontal  J,ine,  drawn  through  the 
Point  where  the  Projection  is,  areto 
each  other  as  the  Sines  of  the  An-r 
gles  which  the  Directions  make  witft 
the  horizontal  Line;  for  they  are  to 
each  other;  as  the  Lines  AT,  which 
if  PA  be  Radius,  are  as  the  Sine3  of 
the  Angles  APT,  or  EAH. 

Prop.  X. 

The  horizontal  Diftance  PH,  of 
any  Point  V  in  the  Curve  which  the 
projected  Body  de¬ 
scribes  from  the  Tab.  XXIII* 
Point  P  where  the  Fig.  2. 
Projection  is  made  ; 
its  p*rpendicular  Diftance  from  the 
Horizon  VH  5  and  the  Angle  LPH 
3.  which 
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following  Rule  is  diligently  to  be  confidered  ;  viz.  that 
a  Body  which  moves  very  quick,  may  increafe  the  Ce¬ 
lerity 


which  the  Direction  /of  the  projected 
fi.)dy  makes  with  the  horizontal 
Line,  being  given  j  to  find  the  Pa¬ 
rameter  and  the  Velocity  of  the  pro¬ 
jectile  Motion. 

PH  and  the  Angle  LPH  being 
given,  PL  and  LH  are  given  j 
wherefore  becaufe  VH  is  given,  VL 

PLq 

is  alfo  given  j  Therefore -  the 

LV 

Parameter  is  alfo  given.  And  fince 
the  Space  which  a  Body  falls  through 
in  a  given  Time,  is  given  ;  viz.  1 6— 
London  Feet,  in  a  fecond  of  Time  ; 
it  is  eafy  to  colleCt  from  the  fecond 
Prop,  what  the  Time  of  the  De- 
fcent  through  the  given  Line  LV  is, 
that  is,  the  Time  which  the  given 
Line  PL  is  run  through  by  the  pro¬ 
jectile  Motion,  E.  J. 

Prop.  XI. 

Let  B  be  a  Mark  or  any  given 
Point-,  let  BD  be  its  perpendicular 
Pittance  from  the  horizontal  Plane, 
and  Jet  GD  be  the  horizontal  Pi¬ 
ttance  of  another 
Tab.  XXIII.  given  Point  G  in  the 
Fig.  4,  5.  fame  Plane.  LetGB 
be  joined  j  and  from 
the  Point  G,  let  GP  be  ereCted  per¬ 
pendicular  to  PG  j  and  let  the  An¬ 
gie  BGP  be  bifeCted,  by  the  ftreight 
Line  GN  j  Now  if  the  Mark  B  be 
hit  by  a  Projection  made  accord¬ 
ing  to  any  Direction  GK  j  I  fvy,  that 
the  fame  Mark  B  will  be  hit  by  a 
Projection  made  with  the  fameForce, 
.according  to  another  Direction  GL, 
which  makes  the  Angle  LGN  with 
the  bifeCting  Line,  equal  to  the  An¬ 
gle  NGK.  Let  the  forementioned 
Directions  meet  DB  produced,  in 
the  Points  K  and  L.  Becaufe  the 
Velocity  of  the  projected  Body,  ac¬ 
cording  to  the  Lines  GK,  GL,  is 
fuppofed  to  be  the  fame,  the  Times 
which  it  takes  up  in  patting  through 
them,  are  in  the  fame  Ratio  as  the 
Lines  themfelves  5  but  the  Spaces 
which  it  falls  through  from  the 
Points  K  and  L,  in  thofe  Times, 
are  to  each  other,  as  the  Squares  of 
the  Times  ;  fby  Prop.  2.}  they  are 
therefore  as  GKq,  to  GLq.  Now 


becaufe  of  the  fimilar  Triangles 
GKB,  LGB ;  BK  is  to  BG  as  GK 
to  GL  ;  and  BK  to  BG  as  BG  to 
BL.  Therefore  as  GKq  ;  is  to  GLq. 
fo  is  BK  to  BL.  Wherefore  fince 
BK  {by  the  tiypotb.  and  Prop .  8.) 
is  the  Pe.fcent  of  the  projeded  Body 
from  the  Point  K,  in  the  Time  GK 
LB  will  be  its  Defcent  from  the 
Point  L  in  the  Time  GL,  There¬ 
fore  {by  Prop.  8.)  the  fame  Mark  B 
will  be  hit  by  the  Direction  GL  alfo, 
C^E.  D. 

Coroll.  L 

If  LK  be  bifeCted  in  F,  DF  will 
be  equal  to  half  the  Parameter  of  the 
Curves  defcribed.  For  the  Rectan¬ 
gle  of  the  Parameter  and  LB  is 
equal  to  GLq  j  and  the  ReCtangle 
of  the  fame  Parameter  and  KB,  is 
equal  to  GKq.  .  Therefore  the  Rec¬ 
tangle  of  the  fame  Parameter  and 
LK  is  equal  to  GLq  j  —  GKq  : 
or  DLq-— DKq,  or  to  the  Rec¬ 
tangle  of  DLq^DK,  that  is,  LK 

into  DL  -f-  DK.  The  Parameter 
therefore  is  equal  to  DL  -f-  DK, 
the  half  of  which  is  DF* 

Coroll.  II. 

The  nearer  the  Directions  GK, 
GL,  are  to  the  Line  which  bifeCts 
the  Angle  BGP,  the  lefs  is  the  Force 
required  to  hit  the  Mark  B  j  fo  that 
there  are  no  more  than  two  Direc¬ 
tione,  along  which  the  fame  Mark 
may  be  hit  with  the  fame  Force. 
For  let  the  bifeCting  Line  meet  BD 
produced  in  N.  Now  fince  the  Di¬ 
rections  GK,  GL,  are  dittant  from 
GN  by  equal  Angles,  {by  Prop.  3. 
Book  VI,  oj  Euclid)  it  is  evident 
that  the  Point  F  mutt  fall  higher 
than  the  Point  N,  or  DF  mutt  be 
greater  than  DN }  and  if  GL  and 
GK  approach  to  GN,  the  Point  F 
ought  to  come  to  the  Point  N,  that 
is,  the  Parameter  will  be  lefiened  {by 
the  preceding  Cor.  2.)  and  confequeut- 
Jy  the  Force  of  the  projeCtile  Motioij 
[by  Prop.  9.) 


Co  nil, 
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lerity  of  another  Body  which  moves  flower,  by  impelling 
it  forward  when  it  overtakes  it  5  but  if  we  fuppofe  it  to 

have 


Coroll,  III. 

If  the  Direction  of  the  Force  with 
which  the  given  Mark  B  is  hit,  be 
the  Line  GN  it  felf,  which  bifeCts 
the  Angle  BGP,  then  that  Force 
is  the  leaft,  and  the  Direction  the 
only  one*  in  which  the  Mark  B  can 
be  hit  with  that  Force  :  And  the 
contrary.  For  when  GK,  GL, 
coincide  with  GN,  the  Point  F  will 
coincide  with  N,  and  DN  will  be 
half  the  Parameter  :  Then  the  reft 
will  follow  from  Prop.  XI,  and  the 
preceding  Corollaries. 

Coroll,  IV. 

Hence  we  fee  the  Reafon  of  the 
Mechanical  Practice  of  directing  a 
Cannon  fo  as  to  hit  the  Mark  with 
the  leaft  Force.  For  having  fixed 
a  plain  Looking  Glafs  perpendicular 
to  the  Bore  of  the  Cannon  ;  let  the 
Cannon  be  inclined,  till  the  Eye, 
looking  along  a  Thread  hanging 
freely  with  a  Lead  at  the  End  of  it, 
can  fee  the  Mark  reflected  by  that 
part  of  the  Looking*  Glafs  over  which 
the  Lead  hangs  ;  Then,  it  is  evident, 
from  the  Nature  of  Reflexion  and  the 
preceding  Corol,  that  you  have  the  Di¬ 
rection  required. 

Coroll,  V. 

The  higheft  Points  which  can  be 
hit  with  a  given  Force,  at  any  ho¬ 
rizontal  Diftances,  are  all  of  them 
3n  the  Curve  of  a  Parabola,  wfiofe 
Focus  is  the  Point  from  whence  the 
Projections  are  made;  whofe  Axis 
as  perpendicular  to  the  Horizon  ;  and 
the  Parameter  to  the  Axis,  the  fame 
;as  that  of  all  Curves  defcribed  with 
a  given  Force. 

For  let  GPH  be 
Tab.  XXIV.  a  Parabola,  G  the  Fo- 
Fig.  1.  cus,  GP  the  Axis 

perpendicular  to  the 
Horizon  ;  the  Parameter  to  the  Axis 
the  fame  as  that  of  Curves  de¬ 
fcribed  with  a  given  Force.  Let  any 
horizontal  Diftance  GD  be  taken, 
and  from  the  Point  D,  let  the  Per' 


pendicular  DB  be  ereCted,  meeting 
the  Curve  in  B ;  I  fay,  the  Point  B 
is  the  higheft  that  can  be  hit  with 
a  given  Force,  at  the  Diftance  GD  ; 
or  the  given  Force  is  the  leaft  that 
can  hit  that  Point.  For  if  GB  be 
drawn,  GB-f-BD  will  be  equal  to 

half  the  Parameter  of  the  Curve  de¬ 
fcribed  by  the  leaft  Force  that  B  can 
be  hit  by.  For  in  order  to  have 
that  Force  hit  the  Point  B,  the  Di¬ 
rection  muft  bifedt  the  Angle  BGP  ; 
(by  Cor.  3,)  then  by  reafon  of  that 
Angles  being  fo  bifeCted,  and  DB, 
GP,  being  parallel, 
the  Triangle  GBN  Tab.XXIII. 
will  be  Ifofceles ;  and  Fig.4,and  5* 
GB  -{-  BD  equal  to 

DN,  that  is  to  half  the  Parameter ; 
as  is  evident  from  that  Corollary. 
Now  in  the  Parabola 
GPH,  let  BO  be  Tab.  XXIV. 
an  Ordinate  to  the  Fig.  I. 

Axis,  and  let  the 
Tangent  BT  be  drawn,  meeting  the 
Axis  produced  in  T  ;  then  (becaufe 
from  the  Nature  of  the  Parabola PO 
and  PT,  GB  and  GT,  GO  and 
DB  are  equal)  GB  ~f-  DB  is  equal 

to  double  GP,  that  is,  (by  ConftruS .) 
equal  to  half  a  Parameter  of  the 
Curve  defcribed  by  a  given  Force. 
Therefore  the  given  Force  is  the 
leaft  by  which  the  Point  B  in  the 
Curve  of  the  Parabola  GBH  can  be 
hit  :  Whence  the  Thing  propofed  is 
manifeft. 

Coroll.  VI. 

If  DF  be  given 

and  equal  to  half  Tab.  XXIII. 
the  Parameter  of  Fig.  4,  and  5. 
the  Curves  palling 
thro’  the  Point  B,  and  from  the  Point 
•F  be  taken  equal  Lines  FL,  FK,  fo 
as  that  GL,  GK  being  drawn  they 
may  make  equal  Angles  with  the 
Line  GN,  which  bifeCts  the  Angle 
BGP  ;  GL  and  GK  will  be  the 
Directions  of  Force  with  which 
thofe  Curves  pa  fling  through  B  will 
be  defcribed. 
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have  neither  greater  nor  lefs  Celerity,  than  that  which  it 
meets  with,  it  can  only  go  along  with,  or  follow  in  its 

Fall, 


Prop.  XII. 

GD  the  horizontal 
Tab.  XXIV.  Diftance  of  the  Point 
Fig.  z,  and  3.  B,  DB  the  Altitude, 
and  DF  half  the  Pa¬ 
rameter,  being  given  to  find  ;  to  find 
the  Directions  required  to  hit  that 
Point. 

Let  the  Perpendicular  GP  be  erec¬ 
ted  from  the  Point  G  to  GD ;  be- 
caufe  GD,  DB  are  given,  the  An¬ 
gle  DGB,  and  confequently  the  An¬ 
gle  BGP  is  given.  Let  the  Angle 
BGP  be  bifefted  by  the  Line  GN 
meeting  DB  produced  in  N.  Now 
if  the  Points  F  and  N  coincide, 
GN  will  be  the  Direction  fought 
(by  Cor.  3.  Prop.  XI.)  If  the  Point 
N  falls  above  F,  the  Point  B  cannot 
be  hit  at  all  with  a  given  Parame¬ 
ter  or  a  given  Force  (by  the  fame 
Cor.)  But  if  the  Point  N  falls  below 
F $  from  the  Point  F  let  FR  be  e- 
reCted  perpendicular  to  DF,  meet¬ 
ing  GN  produced  in  R  ;  let  the  Line 
GR  be  bifeCted  in  S,  and  from 
the  Point  S  let  SC  be  ereCted  per¬ 
pendicular  to  GR,  meeting  FR  pro¬ 
duced  in  C.  On  the  Center  C,  with 
the  Diftance  CR,  let  a  Circle  be 
defcribed,  cutting  BD  produced  to 
KandL,  tndifGK,  GL.be  drawn, 
they  will  be  the  Directions  fought. 
For  it  is  evident  from  the  Construc¬ 
tion,  that  FL  and  FK  are  equal, 
and  that  the  Angles  LGR,  RGK 
are  equal  alfo  j  whence  the  reft  are 
manifeft  frcrm  the  6 tb  Corol.  of  the 
preceding  Prop.  E.  J. 

•  The  fame  demonfirated  another 
Way,  From  the  Point  F  let  FC  be 
ere£ted  perpendicular 
Tab.  XXIV.  to  DF  and  equal  to 
Fig.  4.  liG  ;  and  on  the 

Center  C,  with  the 
Diftance  BF  let  a  Circle  be  defcribed 
cutting  BD  produced  in  the  Points 
K  and  L  :  Then  GK  and  GL  will 
be  the  Directions  fought. 

For  CfCq— FKq  that  is,  BFq 
—  FKq  (by  Conjiruiiion)  is  equal  to 
CFq  or  BGq.  Therefore  as  BF 
•—  FK  or  BK  is  to  BG  ;  fo  is 
BG  to  BF  FK  or  BL,  therefore 
the  Triangles  KBG,  LBG  are  fimi, 
lar  j  (by  Prop.  6.  Book  VI.  of  Eu¬ 
clid)  therefoje  the  Angles  KGS, 


BLG  are  equal ;  that  is,  if  GP  be 
ere&ed  perpendicular  to  GD,  the 
Angles  KGB,  LGP  will  be  equal  : 
Therefore  if  the  Angle  BGP  be  bi¬ 
feCted  as  before  by  the  Line  GN, 
the  Angles  LGN,  NGK  will  be 
equal :  Therefore  (by  Corol.  6.  Prop . 
XI.)  GK,  GL  are  the  Directions 
fought.  Q^E.  J. 

Coroll.  I . 


From  the  former  ConftruCHon 
there  flows  an  Arithmetical  Rule  of 
folving  the  fame  Pro¬ 
blem  j  vix.  putting  S 
for  the  S'gn  of  the 
givenAngle  BGP, and 
V  for  its  verfed  Sine  j 


Tab.  XXIV. 
Fig.  2.  and  3. 

GD 

V - S. 


DF 


will  be  equal  to  the  verfed  Sine  of 
the  Difference  of  Elevations,  or  of 
the  Angle  LGK.  The  half  of  which 
Angle,  if  it  be  added  to  and  fub- 
ftraCted  from  the  given  Angle  DGR 
or  half  its  Supplement,  to  two  Right 
Angles  BGP,  the  Sum  and  the  Dif¬ 
ference  will  be  DGL,dGK,  the  An¬ 
gles  fought. 

For  DF  or  GP  is  the  Sine  of  the 
Arch  RKG,  that  is,  of  double  the 
Angle  RCS  j  that  is,  (becaufe  of 
the  common  Complement  PRG)  of 
double  the  Angle  PGR,  or  (by Con. 
JlruEl.)  the  Angle  PGB.  And  PR 
is  the  verfed  Sine  of  the  fame  An¬ 
gle  ;  and  PR — PF  the  verfed  Sine 
of  the  Arch  KR  or  of  the  Angle 
LGK.  And  it  will  eafily  appear  that 
the  Angle  RGD  is  half  the  Supple, 
ment  of  BGP  to  two  Right  Angles. 
Whence  the  Reafon  of  the  Rule  is 
evident. 


Cor  oil.  II. 

From  the  fame  ConftruCtion  flows 
alfo  another  Arithmetick  Rule,  by 
which  GD,  the  Angle  BGP,  and 
either  of  the  Elevations  DGK  or 
DGL,  being  given,  the  Parameter  is 
found  j  for  if  BGP  is  given,  RGD 
is  given  alfo  j  from  whence  DGK. 
or  DGL  being  given,  RGK  is 
given.  Let  v  be  the  verfed  Sine  of 

S 

double  RGK,  and -  GD,  will 

V— v 

be 


IO/ 
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Fall,  without  making  it  move  fafter  than  it  did  before. 
Thus  for  Inftance,  if  two  Men  of  equal  Bignefs  fhould 


be  equal  to  half  the  Parameter.  The 
Reafon  of  this  Rule  ii  the  fame  as 
the  former. 

Another  IVay*  RGD  and  one  of 
the  Elevations  being  given,  the  o- 
ther  of  them  is 
Tab.  XXIV.  given.  Wherefore 
Fig.  a,  and  j.  as  the  Radius  is  to 
half  the  Sum,  in 
one  Cafe,  and  half  the  Difference 
in  the  other  Cafe  of  the  Tangents 
of  the  given  Elevations ;  fo  is  GD  to 
half  the  Parameter.  For  DF,  or  half 
the  Parameter  is  equal  to  DL-f-DK. 

fy  Cor .  I.  Prop.  XI.  * 

Concerning  this  whole  Matter,  fee 
the  famous  Dr.  Halley's  Differtation, 
in  the  Pbilofopbical  Lranfa&ions ; 
and  the  learned  Dr.  Kelt's  Pbyjickt , 
where  you  will  find  mod  of  thefe 
Things  largely  demonstrated  in  ano¬ 
ther  Way. 

Of  heavy  Bodies  falling  in  a  Cy. 
chid. 

The  Propofitions  concerning  tbe 
Defcent  of  Bodies  in  a  Cycloid  firft 
found  out  and  demonftrated,  by  the 
famous  Mr.  Hugensy  which  depend 
upon  the  forementianed  Law  of 
Cravity  ;  may  very  conveniently  be 
added  in  this  Place. 


Lemma  1. 

Let  there  be  a  Circle  defcribed  on 
the  Diameter  AC,  which  is  cut  at 
right  Angles  by  DE  j 
Tab.  XXV.  from  the  Point  of 
Fig*  J*  the  Diameter  A,  let 

the  ftreight  Line  AB 
be  drawn,  meeting  the  Circumfe¬ 
rence  in  B,  and  DE  in  F,  and  Jet 
AB  be  joined.  I  fay,  AB,  AD,  AF 
are  cont  nual  Proportionals. 

For  if  BD  be  drawn ;  the  Trian¬ 
gles  ABD,  ADF,  are  fimilar,  becaufe 
the  Angle  A  is  common,  and  the 
Angles  ABD,  ADF,  are  equal,  be¬ 
caufe  they  ftand  upon  equal  Arches 
AD,  AE.  Whence  the  Piopofition 
is  evident. 


Lemma  II. 


Let  there  be  any  Curve  AH  con. 
eave  on  one  Side,  and  let  AG  be  a 
Tangent  to  it  iathePointA.  LetAD 
be  a  ftreight  Line, 
any  ways  inclined  to  Tab.  XXV. 
this  Tangent,  and  Fig.  a, 
let  BC,  parallel  to 
AD,  cut  the  Curve  in  B,  and  the 
Tangent  in  C-  I  fay,  if  the  Arch 
AB  be  infinitely  fmall,  that  Arch 
and  the  Part  of  the  Tangent,  inter¬ 
cepted  betwen  the  Parallels  AD,  BC, 
may  be  looked  upon  as  equal  and 
coincident,  and  may  therefore  be  put 
for  each  other. 

Let  another  ftreight  Line  touch 
the  Curve  in  the  Point  B  alfo, 
which  meeting  the  other  in  E,  let 
it  be  any  ways  produced,  let  FG  be 
drawn  parallel  to  BC,  meeting  each 
Tangent  produced  in  the  Points  F 
and  G  j  and  let  AB,  the  Subtenfe  of 
the  Arch  be  drawn. 

It  is  manifeft  j  that  the  Subtenfe 
AB  is  always  lefs  than  the  Arch, 
and  the  Sum  of  the  Tangents  AE, 
EB,  is  greater  $  now  if  the  Point 
B  be  conceived  to  approach  to  A, 
and  during  that  Motion  the  Line 
BC  is  carried  always  parallel  to  it 
felf  ;  it  is  manifeft  that  the  Angle 
BEC  will  be  perpetually  diminifh’d, 
till  it  becomes  lefs  thai\  any  given 
Angle  whatfoever  5  and  by  that 
Means  the  Point  F  ’will  approach 
nearer  to  O  than  any  given  Dil- 
tance  whatfoever,  and  therefore  the 
Lines  EF,  EG,  will  be  nearer  to 
Equality  than  any  given  Difference, 
whatfoever  :  That  is,  EF  and  EG 
may  at  laft  be  accounted  as  equal. 
Therefore  EB  and  £C  (whofe  Ratio 
to  each  other  is  the  fame  as  EP 
to  EG,  becaufe  of  the  fimilar  Triang - 
lei  EBC,  EFG)  and  alfo  AE-f-EB 
and  AC  (AE  being  added  to  each 
of  them)  may  be  efteemed  equal 
likewife.  In  the  farpe  manner, 
may  it  be  /hewn  alfo,  that  the 
ftreight  Lines  AB,  AC,  when  the 

Point- 
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join  Hands  and  leap  together  from  the  Top  of  a  Bridge 
into  the  River  j  we  have  no  Reafon  to  think  that  they 

would 


Point  B  approaches  to  A,  may  at 
laft  be  accounted  equal  alfoj  And 
much  more  therefore  may  the  in¬ 
finitely  fmall  Arch  AB,  which  is 
of  an  intermediate  Magnitude  be¬ 
twixt  the  Subtenfe  AB,  and  the 
Sum  of  the  Tangents  AE,  EB,  and 
the  Tangents  AC  be  accounted  e- 
quat. 

That  the  infinitely  fmall  Arch  and 
the  Tangent  may  be  looked  upon  as 
coinciding,  is  evident  from  hence  j 
that  from  the  Nature  of  Curvature, 
there  can  be  no  ftreight  Line  drawn 
between  the  Tangent  and  the  Curve 
et  the  Point  of  Contaft. 


Prop.  I. 

Let  ABC  be  a  Se- 
Tab.  XXV.  micycloid  defcribed  by 
Fig.  3.  the  generating  Circle 
AVD  ;  Let  its  Ver¬ 
tex  A  be  turned  downwards,  and  its 
Axis  AD  be  erefted  perpendicular 
to  the  Horizon.  Let  any  Point  B 
be  taken  in  it,  and  the  ftreight 
Line  Bl  be  drawn  downwards  from 
thence  touching  the  Cycloid  in  B, 
and  terminated  by  the  horizontal 
ftreight  Line  At  :  Let  the  ftreight 
Line  FB  be  alfo  drawn  perpendicu. 
lar  to  the  Axis  ;  and  on  the  Diame¬ 
ter  AF  let  the  Semicircle  AFH 
be  defcribed.  Then  through  any 
Point  M  in  the  Curve  BA,  Jet  the 
ftreight  Line  MS  be  drawn  parallel 
to  BF,  which  will  meet  the  Circie 
AHF  in  H,  and  its  Diameter  in  S. 
Let  alfo  ftreight  Lines  be  drawn 
touching  each  Curve  in  the  Points 
M  and  H.  And  let  MN,  HT,  be 
Parts  of  thofe  Tangents  intercepted 
between  the  two  horizontal  Lines 
MS,  NR  j  and  let  OP  a  Part  of  the 
Tangent  BI,  and  SR  a  Part  of  the 
Axis  DA,  be  included  between  the 
fame  Parallels. 

ThefeThings  being  fo  j  I  fay,  the 
Time  in  which  a  heavy  Body  will 
run  through  the  ftreight  Line  MN 
with  an  equable  Celerity,  fuch  as  is 
acquired  in  falling  through  the  Arch 
of  the  Cycloid  RM  ;  is  to  the  Time 
that  the  ftreight  Line  OP  would 


be  run  through  with  an  equable 
Celerity,  fuch  as  half  that  which 
is  required  in  falling  through  the 
whole  Tangent  Bl  }  as  the  Tangent 
HT,  it  to  the  Part  of  the  Axia 
SR* 


Dtmonft. 


From  the  Point  A  to  the  Points 
V  and  L,  in  which  the  Parallels 
BF,  M^>  cut  the  generating  Circle, 
let  the  ftreight  Lines  AV,  AL  be 
drawn  cutting  the  Parallels  MS,  NR 
in  the  Points  K,  E,  G  j  let  AH  and 
FH  be  joined,  and  the  Radius  QH 
of  the  Circle  AFH  be  drawn. 

Now  becaufe  the  Spaces  run  thro* 
with  an  equable  Motion,  are  in  the 
Ratio  compounded  of  the  Times 
and  the  Velocities  with  which  they 
are  run  through  ;  it  follows,  that 
the  Times  are  to  each  other  in  a. 
Ratio  compounded  of  that  of  the 
Spaces  direftly  and  the  Velocities 
inverfely.  The  Time  therefore  of 
running  through  MN,  to  the  Time 
of  running  through  OP,  is  in  a 
Ratio  compounded,  of  the  Ratio  of 
MN  to  OP,  and  of  the  Ratio  of 
half  the  Celerity  acquired  by  falling 
through  AF  ;  to  the  Celerity  ac¬ 
quired  by  falling  through  FS  ( bf 
the  Hypotb.  and  by  Prop ,  IV.  and 
Coroll.  Prop.  VI.  above ,  concerning  the 
Defccnt  of  heavy  Bodies.)  Now  the 
whole  Velocity  acquired  in  falling 
from  F  to  A,  is  to  the  Velocity 
acquired  in  falling  from  F  to  S,  as 
FA  to  FH,  ( by  Prop.  31.  Book  III  5 
and  Prop  8.  Book  VI.  of  Euclid  ; 
and  Prop .  II.  above ,  concerning  the 
Defcent  of  heavy  Bodies .)  Halt  the 
Velocity  therefore,  acquired  in  fal¬ 
ling  from  F  to  A,  is  to  the  Velocity 
acquired  from  F  to  S,  as  FQ^to 
FH.  The  Ratio  therefore  of  the 
forementioned  Times,  is  compound¬ 
ed  of  the  Ratio’s  of  MN  to  OP, 
and  FQto  FH.  But  ( by  the  Na¬ 
ture  of  we  Cycloid )  Bl  is  parallel  to 
AV,  and  MN  to  AL,  and  there¬ 
fore  GL  and  KE  are  equal  to  MN, 
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would  fall  quicker  becaufe  they  are  thus  joined  together, 
than  if  they  had  leaped  in  feparately.  This  being  fuppofed  j 

fince 


OP.  Wherefore  the  forementioned 
Ratio,  is  compounded  of  the  Ratio 
of  GL  to  KE,  and  FQ^to  FH. 
But  GL  is  to  EK,  as  AL  to  AE, 
that  is,  as  AV  to  AL,  {by  Lem.  i.) 

thatis,asy/ AFx  ADtoy'' ^S  X  Ad> 

that  is,  as  \/  AF  to  y/  A^f,  that  is 
as  AF  to  AH,  that  is,  as  FH  to 
HS.  The  Ratio  of  the  foremention  - 
ed  Times  therefore,  is  compounded 
of  the  '  Ratio’s  of  FH  to  HS,  and 
FQ^to  FH,  that  is,  the  Times  are 
to  each  other  as  FQ^or  QH  to 
HS.  But  it  may  eafily  be  made  ap¬ 
pear  from  Prop .  18.  Book  HI.  and 
Prop.  2.  and  8.  Book  VI.  of  Euclid , 
that  QFI  is  to  HS,  as  HT  to  SR. 
The  Times  therefore  of  moving 
through  MN,  OP,  with  the  fore- 
mentioned  Celerities,  are  to  each  o- 
ther  as  HT  to  SR.  E.  D. 

Prop.  II. 

Suppofe  the  Pofition  of  the  Cy¬ 
cloid  ;  the  Line  BF,  AF,  Bl,  AI  j 
and  the  Semi- circle  FHA  ;  the 
fame  as  in  the  foregoing  Propofi- 
tion  :  I  fay,  the  Time  of  moving 
through  the  Tangent  BI  with  the 
equable  Celerity  of  half  that  which 
is  acquired  in  falling 
Tab.  XXV.  through  Bl,  is  to  the 
Fig.  4.  Time  of  Defcent  thro’ 

the  Arch  of  the  Cy¬ 
cloid  BA,  as  the  Diameter  of  the 
Circle,  is  to  half  its  Periphery. 

Demond . 

Suppofe  as  many  parallel  Lines 
as  you  pleafe,  equidiftant  from  each 
other  to  be  drawn  between  FB  and 
AI,  which  will  cut  the  Line  FA 
in  S,  R,  &c.  j  the  Circle  in  H,  i, 
&c.  and  the  Cycloid  in  M,  r,  &c. 
its  Tangent  BI  in  O,  P,  &c.  And 
from  the  Points  where  each  of 
them  interfe£l  the  Circle  and  the 
Cycloid,  let  the  Tangents  to  each 
Curve,  HT,  MN,  i  k,  r  s,  be  drawn 
to  the  following  Parallel,  as  in  the 
1  igure. 


The  Time  of  moving  through 
OP  equably  with  half  the  Celerity 
acquired  in  falling  through  Bl,  is 
to  the  Time  of  moving  through 
MN,  equably  with  the  Celerity  ac¬ 
quired  in  falling  through  the  Arch 
of  the  Cycloid  BM  j  as  SR  to  HT  ; 
And  the  Time  of  moving  through 
PQjvith  the  fame  Celerity  as  through 
OP  j  is  to  the  Time  of  moving 
through  r  f  with  the  Celerity  acqui¬ 
red  in  falling  through  the  Arch  of 
the  Cycloid  B  r,  as  RE  to  i  k,  and 
fo  on,  ( (by  the  preceeding  Prop.) 
Therefore  fince  every  one  of  the 
equal  Times  of  the  equable  Mo¬ 
tions,  through  the  equal  Lines  OP, 
PQ,  &c.  [by  Conjlruh.)  are  referred 
to  fo  many  other  Times  of  Motion, 
•viz.  through  theTangents  of  the  Cy¬ 
cloid  MN,  r  f,  &c.  in  the  fame 
Proportion,  as  the  equal  Lines  SR, 
RE  are  each  of  them  referred  to 
the  Tangents  of  the  Circle  HT,  i  k 
&c.  The  Sum  of  the  former 
Times  will  be  to  the  Sum  of  the 
latter  Times  j  as  the  Sum  of  the 
former  Lines  to  the  Sum  of  the 
latter  Lines.  Let  therefore  the 
Number  of  the  parallel  Lines  lying 
between  FB  and  AI  be  infinite, 
and  let  the  Tangents  to  each  Curve 
be  drawn  in  the  fame  Manner  as 
before,  and  the  Proportion  will 
continue  the  fame*  And  as  by  this 
Means  the  Sum  of  the  Tangents 
of  the  Circle  will  coincide  with 
its  Semiperiphery  FHA,  and  the 
Sum  of  the  Tangents  of  the  Cycloid 
will  coincide  with  its  Arch  BA  j  and 
the  Motion  through  the  infinitely 
fmall  Arch  of  the  Cycloid  contained 
betwixt  the  two  contiguous  Parallels, 
may  be  conceived  to  be  the  fame  as 
that  which  was  fuppofed  through 
the  Tangents  :  [by  Lem,  2,)  It  fol¬ 
lows  j  that  the  Time  of  Defcent 
through  BI  with  the  forementioned 
Celerity,  is  to  the  Time  of  Defcent 
through  theArch  of  the  Cycloid  BA  j 
as  the  Diameter  FA  is  to  its  Semi- 
petiphery  FHA,  Q_E,  D. 


Ill 
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fince  it  is  certain  that  the  different  Parts  of  a  heavy 
Body,  are  as  fo  many  fimilar  Bodies,  none  of  which 

have 


Prop,  III. 

In  a  Cycloid  whofe  Axis  is  per¬ 
pendicular  to  the  Horizon ,  and 
whofe  Vertex  is  turned  downwards ; 
the  Time  in  which  a  heavy  Body 
let  fall  from  any  Point  of  it,  will 
arrive  at  the  Vertex,  is  to  the  Time 
in  which  it  would  fall  through  the 
Axis  of  the  Cycloid,  as  half  the 
Circumference  of  the  Circle,  is  to  the 
Diameter  :  And  therefore  the  Times 
in  which  a  heavy  Body  let  fall 
from  any  Points  whatfoever  will 
arrive  at  the  Vertex,  are  equal  to  each 
other. 

Let  AbC  be  a  Cycloid,  A  the 
Vertex  turned  downwards,  AD  the 
Axis  perpendicular  to  the  Horizon  ; 
And  let  a  heavy  Body  be  let  fall 
from  any  Point  B  5  Let  B1  be  a 
Tangent  to  the  Point 
Tab.  XXV.  B,  meeting  the  ho- 
Fig.  3.  rizontal  Line  AI  in 

I  j  and  from  the  fame 
Point  B,  let  the  Line  BV  be  drawn 
parallel  to  CD,  meeting  the  genera¬ 
ting  Circle  in  V,  and  let  AV  be 
joined. 

The  Time  of  Defcent  through 
the  Arch  of  the  Cycloid  BA,  is 
to  the  Time  of  Defcent  in  the 
Tangent  BI  with  an  equable  Cele¬ 
rity  equal  to  half  that  which  it 
would  acquire  in  falling  through 
BI  ;  as  half  the  Periphery  of  the 
Circle,  is  to  the  Diameter  {by  the 
preceding  Prop.)  But  the  Time  of 
Defcent  through  BI,  is  equal  to  the 
Time  of  its  Defcent  by  a  natural 
Acceleration  along  th*  fame  BI,  {by 
Prop .  Ill,  of  the  Defcent  of  heavy 
Bodies)  or  along  VA,  which  is  pa¬ 
rallel  and  equal  to  BI  :  {by  the  Na¬ 
ture  of  the  Cycloid.)  Ani  the  Time 
of  Defcent  along  V  A,  is  equal  to  the 
Time  of  Defcent  along  DA  j  {by 
Prop.  V,  of  the  Defcent  of  heavy 
Bodies.)  Therefore  the  Time  of 
Defcent  along  the  Arch  BA,  is  to  the 
Time  of  Defcent  through  the  Axis 
DA  ;  as  half  the  Periphery  of  the 
Circle,  is  to  the  Diameter. 

And  fince  the  Time  of  falling 
through  the  Axis  is  given  j  and  has 
the  fame  Proportion  to  the  Times 
of  Defcent  through  any  Arches  of 
the  Cycloid  to  the  Vertex}  it  is 


evident  that  all  thofe  Times  of  De¬ 
fending  mull  be  equal  to  each  other* 
Q^E,  D. 

Coroll. 

It  is  manifeft,  that  when  the 
heavy  Body  comes  at  the  Vertex, 
its  Motion  continuing,  it  mull  in 
afcending  defcribe  an  Arch  of  the 
Cycloid  in  the  fame  Time,  equal 
to  that  defcribed  in  defending  j  So 
that  the  Time  of  its  whole  Moti¬ 
on,  will  be  to  the  Time  of  its  De¬ 
fcent  through  the  Axis,  as  the  Cir¬ 
cumference  of  a  Circle  to  the  Dia  - 
meter.  See  Hugen's  Horol.  Ofal  Part 
II.  from  Prop.  16.  to  the  End  of  that 
Part. 

The  Equality  of  the  Times  in 
which  a  heavy  Body,  let  go  from 
any  Point  of  a  Cycloid,  comes  to 
the  Vertex  of  it,  may  alfo  be  de- 
monftrated  in  the  following  Man¬ 
ner. 

Let  a  Body  be  impelled  in  the 
Line  AC,  towards  the  Center  C, 
with  an  accelerative  Force,  which 
is  every  where  as  the 
Diftance  from  C.  I  Tab.  XXVI. 
fay,  that  from  what  Fig.  1. 

Point  foever  of  the 
Line  AC,  the  heavy  Body  is  let  fall, 
it  will  come  to  the  Center  C  in  the 
fame  Time. 

Suppofe  any  E’ine  a  c  unequal  to 
AC;  and  let  either  of  them,  as  AC 
be  divided  into  as  many  equal  Parts 
as  you  will,  AB,  BG,  GC :  Let 
the  other  Line  ac  be  divided  into 
as  many  equal  Parts,  a  b,  bg,  g  c. 
Let  us  imagine  the  fuppofed  Force 
to  aft  only  in  the  Beginnings  of 
thefe  Parts,  fo  that  each  of  them 
may  be  run  through  with  an  equa¬ 
ble  Motion.  And  let  two  Bodie*s, 
impelled  by  that  Force,  begin  to  be 
moved  together,  from  the  Points  A, 
a,  towards  C,  c.  Now  becaufe  the 
Celerities  with  which  the  Parts 
AB,  ab,  are  run  through,  are  as 
the  Forces  with  which  the  Bodies 
are  impelled  in  the  Points  A,  a  ; 
And  thefe  Forces  are  to  each  other 
{by  the  Hypoth.)  as  AC  to  ac,  or 
as  AB  to  abj  Therefore  A B,  ab, 
will  be  run  through  in  the  lame 
Time,  L;t  the  accelerative  Force 

aft 
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have  more  T endency  to  defcend  quicker  than  the  other  ; 
we  muft  conclude  that  they  will  all  defcend  together  with 

the 


a£t  again  with  a  fecond  Impulfe 
in  the  Points  B,  b  :  And  becaufe 
the  Increments  of  the  Celerities  are 
proportionable  to  the  Impulfes,  or 
to  the  accelerative  Forces,  that  is, 
to  the  Lines  BC,  be ;  (by  the  Hy - 
fotb.)  or  to  AC,  a  c  j  or  to  the  Ce¬ 
lerities  generated  by  the  firft  Im- 
pulfe,  the  whole  Celerities  after  the 
fecond  Impulfe,  will  be  proportion¬ 
able  to  the  Celerities  after  the  firft 
Impulfe  ;  therefore  the  Lines  BG, 
b  g,  equal  in  Proportion  to  the 
former,  will  be  run  through  in  the 
fame  Time.  For  the  fame  Reafon 
the  Lines  GC,  g  c,  will  be  run  thro* 
in  the  fame  Time,  after  the  third 
Impulfe»  Let  the  Number  of  equal 
Parts  in  the  Lines  AC,  a  c,  be  in- 
creafed  infinitely,  and  consequently 
their  Magnitude  diminilhed  in  the 
feme  Manner  j  fo  that  the  Bod'es 
may  be  continually  impelled  by  the 
fuppofed  Law  of  Acceleration  j  and 
the  fame  Reafoning  will  hold  good. 
Wherefore  in  this  Cafe,  the  Times 
of  Defcent  through  AC,  ac,  are 
equal.  Now  let  ABC 
Tab.XXVI.  be  a  Cycloid,  whofe 
Fig.  a.  Axis  AD  i9  perpendi¬ 
cular  to  the  Horizon, 
its  Vertex  A  turned  downwards,  and 
the  generating  Circle  AHD.  Let 
the  heavy  Body  be  placed  in  anyPoint 
of  it,  as  B ;  and  let  BG  be  drawn 
perpendicular  to  the  Horizon,  BF  a 
Tangent  to  the  Cycloid  in  the  Point 
B,  and  FG  a  perpendicular  to  the 
Tangent  j  fo  as  that  they  may  form 
the  Triangle  BGF.  Let  the  Force 
of  Gravity,  whofe  Direction  is  ac¬ 
cording  to  the  Line  BG,  be  refolv- 
cd  into  two  other  Forces  BF,  FGj 
of  which  two  Forces,  it  is  the  Force 
only  by  which  the  heavy  Body 
is  impelled  in  the  Point  B  to  defcend 
in  the  Cycloid  ;  the  other  Force  FG 
is  taken  oft  by  the  Refiftance  of  the 
Tangent  or  Curve.  Now  if  BH  be 
drawn  parallel  to  CD,  and  meet  the 
generating  Circle  in  H  and  AH, 
DH  be  joined  j  then  becaufe  BF  is 
parallel  to  AH  (by  the  Nature  of 
tbt  Cycloid)  and  BG  parallel  to  DA 
( by  ConftruEl.  )  and  the  Angles  F 
and  11  Right  Angles,  therefore  the 
Triangles  BFG,  AHD,  are  fimt- 
lar.  Whaefore,  as  BF  is  to  nGj 


that  is,  as  the  Force  with  which 
the  heavy  Body  is  impelled  in  B, 
is  to  the  Force  of  Gravity  ;  fo  is 
HA  to'  AD.  Wherefore  becaufe 
the  Force  of  Gravity  is  given  $  the 
Forces  with  which  the  heavy  Body 
is  impelled  in  every  Point  of  the 
Curve,  are  to  each  other,  as  the 
Lines  AH,  that  is,  as  the  Arches 
of  the  Cycloid  AB,  which  (by  tbt 
Nature  of  tbt  Cycloid )  are  double 
the  Lines  AH.  The  Forces  there¬ 
fore  with  which  a  heavy  Body 
defeending  through  the  Arch  of  a 
Cycloid,  is  impelled  ,  are  as  its 
Diftanees  from  the  Vertex  A. 
Wherefore  from  what  Point  foever 
it  is  let  fall  in  it ,  it  will  come 
to  the  Vertex  in  the  fame  Time* 
Q^E.  D. 

Prop.  IV.  A  Problem * 

To  make  theVibrations  of  a  given 
Pendulum  to  be  all  performed  in  the 
fame  Time ;  or  to  make  a  Pendulum 
vibrate  in  a  Cycloid. 

Let  CF  the  given  Length  of  a 
Pendulum,  be  perpendicular  to  the 
Horizon  j  which  being  bile&ed  in  G, 
and  DC  I  drawn  perpendicular  to  it 
through  C  j  let  two  Semi-cycloids 
be  deferibed  from  the 
Point  C,  by  a  gene-  Tab.XXVI* 
rating  Circle,  whofe  Fig.  3. 
Diameter  is  CG,  and 
let  their  Bafes  be  CD,  Cl,  and  their 
Vertexes  A,  N.  Let  AN  be  join¬ 
ed,  which  will  be  parallel  and  equal 
to  DI,  and  will  therefore  be  the 
Bafeof  a  whole  Cycloid  deferibed  by 
the  fame  generating  Circle  as  CBA, 
CN.  Let  this  Cycloid  be  AfN. 
Now  if  a  heavy  Body  be  hanged  in 
F  upon  a  Thread  CF  or  any  fuch 
Thing  which  will  bend  j  and  fo  ofcil- 
late  upon  the  Center  C  between  the 
Semicycloids,  CBA,  CN,  that  when, 
ever  it  moves  from  the  Perpendicu¬ 
lar,  the  upper  Part  of  the  Thread 
may  bend  upon  that  Cycloid  towards 
which  the  Motion  is  made,  and  the 
remaining  Part  which  is  not  applied 
to  the  Cycloid,  be  ftretched  out  in  a 
ftreight  Line  j  I  fay,  the  heavy  Body 
will  always  be  found  in  the  Cycloid 
AFN. 

Dcmonfl , 
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the  fame  Celerity  that  any  one  of  them  would  :  From 
whence  it  evidently  follows  ;  that  a  heavy  Body  of  a 


Demonjlration . 

Let  the  generating  Circle  of  the 
Cycloid  AFN  be  defcribed  on  the 
Axis  GF  ;  and  from  the  Point  E 
yvhere  the  heavy  Body  is,  when  re¬ 
moved  from  the  perpendicular,  let 
EL  be  drawn  parallel  to  AG,  meet¬ 
ing  that  Circle  in  L,  and  let  GL  be 
joined.  From  the  Point  B,  (in  which 
the  Thread  EB  touches  the  Cycloid 
CBA,  the  remaining  Part  being  bent 
upon  the  Arch  CB)  let  BH  be 
drawn  parallel  to  AG  alfo,  meeting 
the  generating  Circle  AHD  in  H  ; 
and  let  AH  be  joined. 

The  whole  Length  of  the  Thread 
CBE,  is  equal  to  twice  AD  ;  (by 
Conjlru&ion. )  Therefore  it  is  equal  to 
the  Semicycloid  CBA ;  (  by  the  Na  - 
ture  cf  the  Cycloid)  and  the  part  of 
the  Thread  CB  is  equal  to  the  Arch 
CB,  to  which  it  is  applied  :  There¬ 
fore  the  remaining  part  of  it  BE,  is 
equal  to  the  remaining  Arch  BA, 
and  is  therefore  equal  to  twice  the 
/freight  Line  AH  ;  [by  the  Nature  of 
the  Cycloid.)  It  alfo  touches  the  Cy¬ 
cloid  in  B  ;  therefore  [ by  the  Nature 
cf  tbe  Cycloid)  it  is  likewise  parallel 
to  AH  ;  Therefore  AH  and  BK  are 
equal,  and  therefore  BK.  and  KE  are 
equal  alfo  :  Therefore  the  parallels 
EL.  and  BHare  equally  diftant  from 
AG  ;  Therefore  they  cut  oft  equal 
Arches  of  the  generating  Circles, 
viz,.  GL  equal  to  AH  and  LF  equal 
to  HD  :  Therefore  GL  and  AH 
are  parallel  j  and  therefore  GL  and 
KE  are  parallel ;  and  therefore  EL 
is  equal  to  KG*.  Bdt  KG  [betaufe  of 
tbe  farallelt  bid,  KB,  and  by  tbe 
Nature  of  tbe  Cycloid)  is  equal  to  the 
Arch  HE),  that  is,  to  the  Arch  LF  ; 
therefore  ^L  is  alfo  equal  to  the 
Arch  LF  ;  Therefore  [by  tbe  Na¬ 
ture  of  tbs  Cycloid)  the  Point  E  is  in 
the  Cycloid  AFN.  Q^E.  D. 

Coroll .  i. 

Since  it  appears  that  the  Extremity 
E,  of  a  Pendulum  vibrating  between 
the  t\v  a  Cycloids  CA,  CN,  deferrbes 
the  Cycloid  AFN  equal  to  either  of 
them  ;and  from  its  fodeferibing  it,  it 
is  manifeft  that  the  very  fmall  parts 
of  the  Curve  taken  on  each  Side  tbe 
Vertex  F,  do  nearly  coincide  with 
very  fmall  parts  o  f  the  Circle  taken 
on  each  Side  the  fame  Point  F  $ 

Hence  it  follows,  that  the  Times  of 

V  O  L.  II, 


the  fmalleft  Vibrations  of  a  Pendu- 
lum  ofcillating  in  a  Circle,  are  alfo 
very  nearly  e<;ual  to  each  oth$r  $  and 
have  very  nearly  the  fame  Ratio  to 
the  Time  of  the  perpendicular  Fall 
through  half  the  Length  of  the  Pen¬ 
dulum  ;  as  the  Circumference  of  a 
Circle  has  to  its  Diameter. 

Coroll.  2. 

Hence  alfo  appears  a  Method  of 
determining  the  Space  tbro'  which  a 
heavy  Body  runs,  in  falling  perpendi¬ 
cularly,  in  a  given  Time.  For  the 
Ratio  of  the  Time  of  one  Ofcfllati- 
on,  to  the  Time  of  tbe  Fall  thro ’  half 
the  Length  of  the  Pendulum,  is  gi¬ 
ven.  By  finding  therefore  the  Time 
in  which  a  Pendulum  of  any  given 
Length  performs  a  fingle  Vibration  j 
the  Time  of  falling  thro’  half  the 
Length  of  the  fame  Pendulum*  i$ 
given.  Whence  [by  Prop.  II,  ef  tbs 
Defcent  of  heavy  Bodies)  the  Space 
which  it  will  run  thro’  by  falling  in 
any  other  given  Time,  is  colle&ed. 

Coroll»  3. 

Hence  alfo  may  be  found  a  Me¬ 
thod  of  determining  an  uniYerfaland 
perpetual  Meafure  of  Magnitudes , 
For  the  Law  of  Gravitation,  upon 
which  the  foregoing  Prop^fitions  de¬ 
pend,  being  allowed  ;  a  Pendulum  of 
the  fame  Length,  will  always  and  in 
all  Places  ,  perform  fome  certain 
Number  of  Vibrations,  in  a  given 
Time.  This  Length  therefore  may 
be  made  an  uniyerfal  and  perpetual 
Meafure,  becaufe  it  can  always  be  de¬ 
termined  by  Experiments.  Whence 
it  follows,  that  having  once  deter¬ 
min’d  the  Proportion  which  the 
Meafures  of  tbe  Magnitudes,  in  any 
Nation, bears  to  that  Length  ;  what 
the  Quantity  ofthofe  Meafures  is,  ia 
eafily  known  at  any  time.  Now  the 
Length  of  that  Pendulum  may  be  de¬ 
termined,  hy  oblerving  how  many 
Ofcillationsjin  that  given  Time>ano- 
ther  Pendulum  of  any  Length,  per¬ 
forms.  For  the  Lengths  of  Pendu-r 
lumsare  to  each  other,  as  the  Square* 
of  the  Times  in  which  a  fingie  Of- 
cillation  is  made;  [by  Prop.  llj. 
preetd.  and  Pr<p  II  .of  tbe  Defcent  of 
b$avy.  Bodies  )  and  therefore  they 
are  reciprocally  as  the  Square  of  the 
Number  of  Ofcillations  made  in  the 
fame  Time.  See  Hugevius's  Horol. 
Ofcil ,  Par .  4.  Prop,  25.  pnd  26. 

Ji  hundred 
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hundred  pound  Weight,  for  Example,  will  not  defcend 
quicker  than  another  Body  which  weighs  but  one  Pound ; 
or  that  if  there  be  any  difference,  it  is  imperceptible. 
And  this  is  confirmed  by  Experience,  contrary  to  the 
Opinion  of  Ariflotle  and  a  great  many  other  Philofo- 
phers,  who  were  perfuaded,  that  the  heavier  a  Body  is, 
the  quicker  in  Proportion  does  it  fall. 


CHAP,  the  Laft. 

Of  the  Flux  and  Reflux  of  the  Sea. 


j.  Wbat  it  HAT  which  we  call  the  Flux  and  Reflux  of  th$ 
*jFfox  and  be  ^  Sea,  ls  a  Part^cu^ar  Motion  of  its  Waters,  which  is 
K.ejiux  eftbe  found  to  be  regular  and  certain,  though  the  Time  and 
Sea.  Manner  is  not  the  fame  in  all  Seas.  '  .  ! 

s.  That  the  2.  We  obferve  upon  the  Coafts  of  France ,  that  the 
Seafowt  Water  of  the  Sea  runs  at  certain  Times  from  South  to 
#°urs ^ about  North ;  which  Motion  is  called  the  Flux  of  the  Sea  ;  it 
the  Coaji  of  continues  about  Six  Hours,  during  which  Time,  the  Sea 
Jrance.  fwells  gradually,  and  rifes  upon  the  Coaft  entering  into 
the  Channels  of  the  Rivers,  and  forcing  the  Waters  back 
towards  their  Springs. 

3.  7 ‘battle  3.  After  thefe  Six  Hours  in  which  the  Sea  continues 
Sea  ebbs  for  £0  flow  ;  it  feems  to  ftand  ftill  for  about  a  quarter  of  an 

Hour ;  and  then  it  changes  its  Courfe  and  runs  from 
Ume.  North  to  South  for  Six  Hours  more  ;  during  which  time 
the  Waters  on  the  Coaft  abate,  and  thofe  in  the  Rivers 
go  in  their  ufual  Courfe  as  their  Channels  diredl  them. 
This  Motion  is  called  the  Reflux  of  the  Sea;  after 
which  it  feems  to  ftand  ftill  again  for  about  a  Quarter  of 
an  Hour,  and  is  then  fucceeded  by  a  Flux  and  after  that 
a  Reflux  as  before. 

4.  That  the  4?  Thus  the  Sea  is  obferved  to  rife  and  fall  twice  every 
*  ideis  about  Day ;  but  this  does  not  happen  exactly  at  the  fame  Time, 
fifty  Mi-  becaufe  it  takes  up  more  than  twelve  Hours  from  one 
”Xer  ldDay  Flux  to  another  ;  and  if  we  would  know  exacftly  how 
than  another  ~  long  Time  it  takes  Up;  we  rmift  obferve  it  a  great  many 

Days  together,  and  then  it  will  appear,  that  the  Flux  of 
it  falls  about  fifty  Minutes  later  every  Day  than  other.  So 
that  if  we  fuppofp  the  Sea  begins  to  rife  any  Day  at  Noon, 
it  will  not  begin  to  rife  exa&ly  at  the  fame  Time  the  next 
Day,'  but  about  fifty  Minutes  later,  that  is,  three  Quar¬ 
ters  of  an  Hour  and  five  Minutes  later.  5,  No'VV’ 
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5.  Now  becaufe  there  is  juft  the  fame  Difference  of  That 
Time  in  the  Moon's  being  in  the  Meridian  one 

and  the  Day  following;  we  may  affirm  that  the  Sea tenasVk* 
rifes  as  often  sas  the  Moon  paffes  through  the  Meridian,  MoQn  '*jn 
as  well  below  as  above  the  Horizon ;  and  alfo  that  it  ^  w  ^ 
falls  as  often  as  the  Moon  is  in  the  Horizon,  as  well  the  Horizon. 
when  rt  fets,  as  when  it  rifes. 

6.  We  obferve  alfo  another  conftant  Agreement  be-  6.  That  the 
twixt  the  Moon  and  the  Sea ;  and  that  is,  that  though 

the  Sea  increafes  every  Day,  it  does  not  increafe  every gbe  nJw 
Day  alike ;  but  the  Tides  are  fo  much  the  greater  as and  Futt 
the  Moon  draws  nearer  to  its  Conjunction  or  Op -fH^n^tbe 
pofition,  and  fo  inuch  the  lefs,  as  it  is  nearer  the  Qua-  Partoftbl 
dratures.  ~  Month. 

7.  Laftly,  The  Increafe  of  the  Sea  is  fenfibly  greater  7.  That  the 

at  thofe  new  and  full  Moons  which  happen  neareft  the  Tides  art 
Equinoxes  than  in  any  other  part  of  the  Year.  gaiu/lr{be 

8.  Very  near  the  fame  Thing  hath  been  obferved  in  Equinoxes . 
all  the  Coafts  of  Europe  that  are  upon  the  main  Ocean;  8.  How  the 
but  the  Flux  is  fo  much  the  greater,  and  happens  fo 

much  the  later,  as  the  Coaft  on  which  it  is,  is  more  particular 
northerly  ;  and  on  the  contrary  it  is  leaft  of  all  and  fcarce  Coafil  °ftbt 
fenfible  between  the  two  T ropjeks.  Seq' 

9.  The  Mediterranean  Sea  does  not  fwell  at  all,  9.  Hew  it  it 
except  at  the  Bottom  of  the  Gulph  of  Venice ,  that  is,  »« the  Me¬ 
at  V mice  itfelf  and  the  Neighbouring  Places ;  every  d>tcrrancan* 
where  elfe  there  is  nothing  to  be  feen,  but  the  common 
Motion  along  the  Shore. 

10.  The  Baltick ,  the  Euxine  Sea,  and  the  Dead  Sea  10.  That  in 

in  Afia ,  have  no  Flux  or  Reflux  at  all.  fime  Seat 

11.  Notwithftanding  what  fome  have  writ  about  the  "  n°lL 
Euripus  ;  it  is  very  certain,  that  nothing  elfe  is  to  be  perr  u.  That  tht 
ceived  in  all  the  Archipelago ,  but  particular  Currents  of  Tldt*  m  tbe 
Water,  which  fometimes  go  North  and  fometimes  ^ 

South,  without  fwelling,  and  without  obferving  any  uncertain . 
certain  Rule. 


12.  As  to  what  the  Tides  are  in  other  Seas,  the  Ac^  12.  That  the 
counts  which  we  have  are  fo  very  imperfeeft,  that  we Tldet  are 

^  ^  11  1  t  1  J  very  uncer. 

cannot  at  all  depend  upon  them.  tain  in  other 

13.  After  all  thefe  Obfervations  which  have  been  con-  Parts  of  tbe 
firmed  by  the  continual  Experience  of  many  Ages,  I  j ‘^Tbepar- 
(hall  not  throw  away  the  Time  in  needlefsly  relating  and  titular  fi - 
confuting  the  different  and  whimfical  Opinions  of  theSureoftbe 
antient  and  modern  Philofophers,  about  the  Flux  and  fV^x* 
Reflux  of  the  Sea  ;  but  I  fhall  endeavour  to  deduce  this  Tab.  XIV. 
M°tion  directly  from  its  true  Caufe,  and  to  account  Fls-  a* 

V  0  L.  II.  H  2  ■  for 
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J4-*  ’That  tbs 
Place  of  the 
Earth 
■ which  is 
e iire&ly  un- 
drtbeMoon, 
is  tnojl  preJ- 
jed  upon  by 
the  fuid 
Matter* 

Tab.  XVII. 
Fig.  2. 
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for  all  the  different  Obfervations.  Let  us  fuppofe  then, 
that  in  the  following  Figure,  the  Oval  ABCD  repre- 
fents  the  Vortex,  in  the  Center  of  which  is  the  Earth 
E  F  G  H.  The  Circle  A  L  reprefents  the  Body  of  the 
Moon ;  The  Line  A  C  the  Place  where  the  Moon  is 
at  the  Time  when  it  is  New  or  Full ;  and  the  Line  BD 
that  where  the  Moon  is  in  its  Quadratures. 

14.  Now,  if  we  imagine  the  whole  fluid  Matter, 
which  furrounds  the  Earth,  and  reaches  from  the  Sur¬ 
face  of  it,  further  than  the  Moon,  to  be  divided  into  a 
great  many  Strata,  or  Beds ;  we  fhall  fee  that  that  which 
is  about  N  having  but  a  fmall  Circuit  to  make  from  Weft 
to  Eaft,  will  finifh  its  Revolution  almoft  in  the  fameTime 
as  the  Earth  5  but  the  Matter  which  is  in  Q,  will  take  up 
more  Time  to  finifh  its  Revolution,  and  the  Matter  in 
O  will  take  up  ftill  more.  Further,  if  we  go  on  to 
imagine  the  Matter,  which  is  contained  between  the  two 
Superfices  ML,  DA,  by  which  the  Moon  is  carried 
about  the  Earth,  to  be  divided  into  two  Parts ;  one  of 
which  is  below  the  Qenter  of  the  Moon  marked  I,  and 
confequently  nearer  us,  the  other  above  its  Center  j  we 
ihall  fee,  that  the  Matter  which  is  below,  and  which  cor-: 
refponds  to  that  half  of  the  Moon  which  Iqoks  towards 
us,;  moves  quicker  from  Weft  to  paft,  than  the  Matter 
which  is  higher ;  fo  that  the  Moon  being  carried  along 
by  a  fluid  Matter,  fome  Parts  of  which  move  fwifter 
than  others  ;  its  Celerity  muft  be  a  Medium  betwixt  that 
of  the  higheft  and  that  of  the  loweft  fluid  Matter.  All 
the  Matter  therefore  which  is  in  the  Space  O  P,  which 
is  on  this  Side  the  Moon,  moves  fwifter  than  the  Moon 
itfelf  front  Weft  to  Eaft,  and  comes  fooner  to  the  Space 
E  L,  where  its  Paflage  being  ftraightned  by  the  Hemif- 
phere  of  the  Moon,  it  is  forced  to  run  fwifter  than  in 
any  other  Place  :  And  becaufe  all  Bodies,  the  fwifter 
they  move,  the  greater  Imprefiion  do  they  make  upon 
Qther  Bodies  againft  which  they  prefs;  'itis  evident  that 
the  whole  Matter  which  moves  about  the  Earth,  ought  to 
prefs  more  upon  it  in  that  Part  which  is  direcftly  under  the 
Moon,  than  in  any  other  Place. 

15.  Moreover,  fipce  it  is  certain  that  there  is  nothing 
to  fupport  the  Earth,  but  its  Place  is  determined  wholly 
by  the  equal  Preflure  of  the  Matter  which  incompafles 
it ;  therefore  we  cannot  imagine  but  that  if  that  Part  of 
the  Earth  which  is  dire<ftly  under  the  Moon,  be  more 
prefled  upon  than  any  other  Part,  it  will  caufe  the  Earth 
to  move  a  little  out  of  its  Place,  and  to  go  fo  far  to¬ 
wards 


Chap*  29.  of  Natur  al  Philosophy.  117 

wards  R,  which  is  on  the  oppofite  Part  of  the  Earth  to 
the  Moon,  till  the  Place  G  is  as  much  prefled  upon  by 
the  fluid  Matter  againd  which  it  moves,  as  the  Place  E 
is  by  the  Air  which  is  forced  upon  it. 

16.  The  Air  therefore  prefles  upon  the  Places  Eand^.-^  /^jy 
G  as  if  it  was  heavier  there  than  any  where  elfe  $  and  tbt  Flux 
becaufe  thefe  Places  are  within  the  T orrid  Zone  ;  it  fol-  and  Reflux 
lows,  that  if  there  be  any  large  Sea  there,  the  PrefTure  f^etfgea 
of  the  Air,  mud  caufe  a  Motion  in  the  Waters  of  it,  coaftsof' 
from  the  Equator  towards  the  Poles.  Now  the  Ocean  France, 
extends  itfelf  over  the  greateft  Part  of  the  Earth,  and 
reaches  from  the  South  almod  as  far  as  the  North  Pole. 

The  Water  therefore  of  the  Ocean  which  is  near  the 
Equator,  ought  to  flow  from  South  to  North,  and  to 
beat  upon  the  Shore  ;  and  becaufe  the  W"aves  which  go 
jflrd,  are  fupported  by  them  that  follow,  the  Sea  mud 
fwell  in  thofe  Places.  And  afterwards,  when  by  the 
Earth’s  turning,  the  great  PrefTure  remains  no  longer 
upon  the  Place  where  it  was  ;  the  Waters  will  fubfide  by 
their  own  weight  into  the  Place  which  they  were  forced 
out  of,  fo  that  the  Sea  mud  then  decreafe  upon  the  /ame 
Goads* 

17.  That  Part  of  the  Ocean  whofe  Waters  are  forced  *7*  ^  & 

upon  our  Shores,  is  once  every  Day  directly  under  the  t<uf£eevery 
Moon,  and  once  oppofite  to  it ;  wherefore  the  Sea  ebbs  Day. 
and  flows  twice  every  twenty-four  Hours*  , 

18.  If  the  Moon  had  not  the  Motion  which  it  now 

has  from  Wed  to  Ead,  the  Flux  and  Reflux  of  the  nutes  later 
Sea  would  happen  every  Day  exadlly  at  the  fame  Time,  every  Day . 
and  alfo  twice  a  Day  ;  becaufe  the  Earth  by  burning 
about,  would  bring  the  fame  Place  of  the  Ocean  uiredlly 
under  the  Moon,  every  twenty-four  Hours,  which 
twelve  Hours  before,  was  in  the  oppofite  Side  to  it: 
but  becaufe  the  Moon  advances  twelve  Degrees  and  a 
half  towards  the  Ead  every  Day,  it  follows,  that  when 
the  Earth  has  gone  rounds  it  mud  go  twelve  Degrees 
and  a  half  more  before  the  fame  Place  in  its  Superficies 
will  be  under  the  Moon  again.  And  this  is  the  Reafon 
why  the  Flux  of  the  Sea  happens  fifty  Minutes  later 
every  Day,  and  that  there  is  five  and  twenty  Minutes 
Difference  between  the  Time  of  one  Flux  and  that  im-“ 

mediately  fucceeding.  .  ^d^arefo 

19.  It  is  further  evident,  that  one  and  the  fame  Tide  Jufb 
ought  to  happen  later,  the  more  northern  the  Goad  is  j  later  and  fa 
becaufe,  the  Water  flowing  from  South  to  North,  the  mufht^eb^gft 
S  welling  mud  fird  be  perceived  in  thofe  Places  which  gnor\bem  the 

H  3  are  OmJIs  are * 


1 18 


RO  H  AU  L*Ps  S  ?  st  s  to 


Part  II. 


31. 

they  are 
biggeft  near 
the  Equi¬ 
noxes. 


are  neareft  :  And,  becaufe  the  Water  which  runs  along 
the  Coafts  which  are  about  the  Torrid  Zone,  have  a 
free  Paflage  towards  the  Poles,  and  are  no  where  hindred 
till  they  come  to  the  northern  Coafts ;  hence  it  is  that 
the  Flux  of  the  Sea  is  fo  much  the  greater,  the  more  re¬ 
mote  any  Place  is  from  the  Equator^ 

3 $.  Why  the  20*  When  the  Moon  is  at  the  New  of  Full,  then  its 

Tides  are  Place  is  in  the  Diameter  AC,  which  is  the  leaft  Diame- 
^N^warJbe  ter  t^le  Earth’s  Vortex;  and  becaufe  the  Diameter 
Full  Moon,  of  the  Earth,  bears  a  greater  Proportion  to  the  Diameter 
Tab.  xiv.  AC,  than  it  does  to  the  Diameter  BD  where  the  Moon 
Flg’  a*  is  in  the  Quadratures;  therefore  at  thofe  Times  it  muft 
:  neceflarily  caufe  the  Air  which  incompafles  the  Earth  to 
be  confiderably  more  comprefled  than  at  any  other  part  of 
tile  Month ;  and  fo  the  Waters  muft  be  driven  towards 
the  Poles,  with  greater  Force  ;  whence  it  follows,  that  the 
Tides  ought  to  be  bigger  at  the  New  and  Full  Moons  than 
at  the  Quadratures. 

21.  When  the  Moon  is  in  Conjun&ion  or  Oppofitiort 
to  the  Sun,  near  the  Times  of  the  Equinoxes,  it  is  then 
in  the  Beginning  of  the  Signs  Aries  or  Libra  ;  and  be¬ 
caufe  the  Circle  which  it  defcribes  at  this  Time,  corte- 
fponds  to  the  Equinoctial  Circle,  and  confequently  is 
the  largeft  that  it  can  defcribe  about  the  Earth ;  therefore 
it  muft  prefs  upon  the  Air,  and  force  that  more  perpen¬ 
dicularly  upon  the  Earth  than  at  any  other  Time  :  And 
this  ACtion  or  Impreffion  upon  the  Waters  muft  add  fome- 
thing  to  the  EffeCt  which  the  Moon  generally  has  at  the 
New  or  Full  ;  fo  that  the  Waters  ought  at  thofe  Times 
to  be  driven  with  a  greater  Force,  and  in  a  more  than 
ordinary  Quantity  againft  our  Coafts,  and  thereby  increafe 
the  common  EffeCts  produced  by  the  Moon ;  that  is, 
make  greater  T ides. 

as.  That  the  22.  If  we  add  to  what  has  been  already  faid  concern- 
^irr^iari^  t^le  Tides,  that  the  Winds  may  fometimes  confpire 
tmiatL  with  and  accelerate  the  Motion  of  the  Water,  and  at 
Tides,  other  T imes  be  contrary  to  and  retard  it ;  we  (hall  have 
an  exaCt  Explication  of  all  the  Particulars  which  Seamen 
haveobferved  concerning  this  Phaenomenon,  which  has 
at  all  Times  been  efteemed  very  difficult. 

13.  Why  tie  23.  But  in  order  to  determine  fomething  of  what 
Moon  when  ought  to  be  in  other  Places  ;  we  muft  confider  that  the 
“wrjtvcral  Motion  of  the  Waters  of  the  Sea,  depends  upon  this  ; 
Fivers  and  that  in  a  large  and  vaft  Extent  of  Sea,  there  are  fome 

no^Fiuxet*  -^aces  which  are  very  much  preffed  upon  by  the  Moon, 
and  Reflux*  others  which  are  not  prefied  upon  at  ail ;  and  this 
as  w  them,  makes 
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makes  the  Waters  fpread  themfeJves  to  thofe  Places 
I  where  they  are  not  prefled  upon.  If  therefore  there  be 
any  Waters  which  are  but  of  a  fmall  Extent,  though  the 
Moon  prefles  upon  the  whole  of  them,  yet  becaufe  that 
Preflure  is  every  where  alike,  they  can  neither  rife  nor  fall* 

Now  the  Rivers  and  Lakes  which  are  between  the  Tro- 
picks  are  fuch  Sort  of  Waters  as  thefe;  the  Extent  of 
them  is  very  inconflderable,  compared  with  the  Body  of 
the  Moon  which  pafles  Over  them  5  and  therefore  we  do 
not  find  any  Flux  or  Reflux  in  them. 

24.  As  to  thole  Lakes  and  Rivers  which  are  beyond  24.  Pfoy 
the  Tropicks,  there  is  ftill  greater  Reafon  to  believe  that  Seat 
they  ought  not  to  have  any  Tides  at.  all ;  neither  ought  Ffux  or 
the  Seas  there  to  have  any,  unlefs  they  have  fome  Com-  Reflux* 
munication  With  the  Ocean,  and  not  then  unlefs  the 
Paflage  be  very  ftxeight  :  For  the  Moon  never  pafles  di¬ 
rectly  over  thefe  Waters,  and  therefore  they  cannot  be 
prefled  by  it ;  Wherefore  we  are  not  to  think  it  ftrange 

that  the  Dead  Sea  in  Afia ,  and  the  Euxine  Sea,  and  the 
Baltick  in  Europe  have  no  Flux  and  Reflux. 

25.  The  Mediterranean  Sea,  which  is  beyond  the  Tro-  2 5,  tVhy 
pick,  has  indeed  a  very  free  Communication  with  the  O-  tbere "  n9 
cean  by  the  Streights  of  Gibraltar  :  But  becaufe  this  Paf-  p^diLfd  /» 
fage  is  not  above  three  or  four  Leagues  over,  it  is  a  very  in-  the  Medi- 
confiderable  Quantity  of  Water  only  that  can  enter  in  t®"anea» 
fix  Hours,  if  we  confider  the  Depth  and  Extent  of  this  ' f 

Sea.  Further;  no  fooner  do  thefe  Waters  advance,  but 
they  meet  with  a  wider  Sea,  the  Coafts  of  which  are  fo 
difpofed,  as  to  make  the  Water  glide  along  by  the  Land 
only  :  So  that  we  obferve  only  a  fimple  Motion  or  Cur¬ 
rent  of  Water  in  the  Mediterranean ,  without  any  fen- 
fible  Swelling. 

26.  However,  the  Waters  which  enter  into  the  Gulph  26.  Why 
of  Venice ,  after  having  glided  along  the  Coaft,  ought  at  one  Wat“ 
laft  to  come  to  the  Bottom  of  the  Gulph,  where  by  fal-  yflt  a”t 
ling  upon  and  fupporting  each  other  for  fome  T ime,  they  Venice, 
mull  increafe  in  the  fame  Manner  as  the  Ocean  does,  on¬ 
ly  they  cannot  rife  to  fo  great  a  Height. 

27.  As  to  the  Archipelago  ;  That  is  at  fuch  a  Diftance  27.  That 
from  the  Streights  of  Gibraltar ,  and  is  withal  fo  inter-  there  ought 
rupted  by  the  Iflands  which  divide  the  Water,  that  it 

cannot  receive  any  Quantity  of  Water  foflicient  to  make  the  Water  in. 
it  fwell ;  for  which  Reafon,  we  ought  not  to  perceive  any  the  Archi- 
Flux  or  Reflux  there,  as  we  do  in  the  Gulph  of  Venice  ;  peIag0* 
and  this  is  confirmed  by  Mariners  who  frequent  this  Sea. 
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2.8.  The  28.  It  is  very  true,  that  there  are  Currents  of  Water 
Milt/1'  feen  in  this  Sea,  which  moves  fometimes  South  and 
theJVateri  fometimes  North,  without  obferving  any  Rule:  But 
in  the  hr-  there  is  Reafon  to  think  that  the  Caufe  of  the  Motion 
dupelago.  t^efe  \yaters  towards  the  South  is  this ;  that  the 
Buxine  Sea,  which  is  but  of  afmall  Extent,  is  conti¬ 
nually  receiving  the  Waters  of  a  great  many  large  Rivers, 
which  it  difcharges  itfelf  of  by  the  Archigelagd  into  the 
Mediterranean  :  And  that  which  caufes  the  Motion  df 
them  towards  the  North,  is  the  South  Wind,  which 
blows  fo  very  ftrong  fometimes,  as  to  drive  the  Water 
back,  and  to  fupport  it,  till  the  Quantity  of  it  is  become 
fo  great,  that  its  own  Weight  forces  it  to  go  in  its  ufual 
Courfe. 

»9-  Tf  there  29.  There  may  be  fome  other  Particulars  obferved 
Particulari  Concerning  the  Flux  and  Reflux  of  the  Sea,  befides  thofe 
remaining ,  already  mentioned  5  but  whatever  they  be,  the  Reafon 
i mtZTended  them  will  be  found  to  be  comprehended  in  what  has 

innvbat  has  been  before  faid  :  For  when  (1)  the  principal  Difficulty  is 
been  already  oncegot  over  ;  the  fame  Foundation  upon  which  that  has 
been  cleared,  will  of  Neceffity  give  Satisfa&ion  in  all  o- 
ther  Circumftances  which  depend  upon  particular  Caufes* 

1  5 

Having 


(l)  The  principal  Difficulty  is  once 
got  over,  &c.)  The  univerfal  Gra¬ 
vitation  of  Matter  being  allowed  j 
fo  that  the  Earth  gravitates  towards 
the  Moon,  and  the  Moon  towards 
the  Earth,  and  all  the  Parts  of  them 
towards  each  other  j  the  Phaenome¬ 
na  of  the  ebbing  and  flowing  of  the 
Sea  is  very  clearly  explained  by  the 
learned  Dr-  Hally,  from  the  Prin¬ 
ciples  of  the  famous  Sir  Ifaac  New¬ 
ton  j  the  principal  Heads  of  whofe 
Dillertation  upon  this  Subject,  I 
fliall  here  briefly  explain- 

Firft  then,  fince  the  Superficies  of 
the  Earth  and  Sea  is  round  of  it  felf, 
if  the  Moon  A  be 
Tab.  XIV.  perpendicularly  over 
Fig.  2.  any  Part  of  the  Su¬ 
perficies  of  the  Sea,  as 
E  J  it  is  evident  that  the  Water  in 
E,  which  is  nearer  the  Moon,  than 
any  other  Part  of  the  Earth  and  Sea 
ifl  the  Hemifphere  FPH>  ought  to 
gravitate  more  towards  the  Moon 
than  any  of  thofe  other  Patfs  |  fo 
thbt  that  Water  mufl  by  this  Means 
be  lifted  up  towards  the  Moon,  that 
is,  be  lighter  than  ufual  and  fwell  ia 


E.  So  likevvife  oh  the  other  Hand  j 
becaufe  the  Water  in  G,  is  further 
off  from  the  Moon,  than  any  of 
the  other  Parts  of  the  Sea  and  Land 
in  the  Hemifphere  FGH  :  it  mull 
gravitate  towards  the  Moon  lefs  than 
any  of  them,  that  is,  it  ought  to  be 
lifted  up  the  contrary  i  Way,  and  to 
fwell  in  G.  By  this  Means  the  Su¬ 
perficies  of  the  Ocean  mull  neceffa- 
rily  gather  itfelf  into  ah  oval  Figure, 
whofe  longer  Diameter  is  EG,  afid 
the  Ihorter  Diameter  FH-  And 
fince  it  is  further  manifeft,  that  the 
Swellings  of  this  oval  Eigure  ought 
to  alter  eveiy  Day,  according  to  the 
Moon’s  Motion,  it  is  evident  that 
the  diurnal  Fluxes  and  Refluxes  of 
the  Sea  may  be  moft  clearly  ex¬ 
plained  in  this  Manner. 

Secondly ,  Becaufe  at  the  Conjuncti¬ 
ons  and  Opoofitions  of  the  Sun  and 
Moon,  the  Gravitation  of  the  Water 
towards  the  Sun  confpiies  with  it* 
Gravitation  towards  the  Moon  ;but  ifl 
the  Quairatures,  the  Water  which  is 
lifted  up  by  the  Moon,  is  deprtlftd 
by  the  Sun,  and  that  which  is  lifted, 
vp  by  the  Swn>  is  depreffed  by  the 

Mcon  : 
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Having  now  given  a  Defcrlption  of  the  World  in 
general,  and  fpoken  to  two  or  three  of  the  principal 
Effects  Which  depend  upon  the  Compofition  of  it,  l 
come  now  to  thofe  Parts  which  are  nearer  us,  and  to 
treat  of  terreftrial  Things ,  particularly  of  the  Earth  itfelf, 
and  what  is  produced  upon  it. 


Moon  :  Therefore  the  ^teeteft 
Tides  are  thofe  whith  are  rmde  in 
the  Conjunctions  and  Oppofitions, 
and  thofe  at  the  'Quodratores  are  the 
leaft.  But  the  Porce  which  the  Sun 
has  to  move  the  Sea,  is  much  le Is 
than  the  Moon’s  Force  j  becauie  tho’ 
It  be  ten  tn<  ufand  Times  bigger  than 
the  Earth  and  Moon  together,  yet  by 
reafon  of  its  immenfe  Diftance,  the 
Earth’s  Semidiartieter  bedrs  no  Pro^ 
portion  to  it. 

Thirdly,  ftecaufe, about  the  Time 
of  the  Equihoxes,  the  greateft  Tides 
(a/rjB.  tnofe  which  are  made  at  the 
Conjunction  and  Oppofition  of  Sun 
and  Moon,)  arecaufedby  theSunand 
Moon  when  they  are  both  in  the  Equi¬ 
noctial  $  but  thofe  at  th6  Time  of  the 
Solftices  are  mads  by  the  Sun  and 
Moon  wheri  they  are  in  theTropicksj 
therefore  thofe  greateftTides  are  big¬ 
ger  at  the  Equinoxes  and  lefs  at  the 
Solftices  :  Becaufe  the  larger  the 
Circle  is  in  which  theWaters  revolve, 
the  greater  ihuft  the  Agitation  of 
them  be  $  and  if  the  Moon  flood  ftill 
in  the  Pole,  the  Tides  or  the  Swell¬ 
ing  of  the  Waters  would  continue 
immoveable  about  the  Poles. 

Fourthly ,  Becaufe  thefe  Tides  are 
a  little  altered  by  the  L:bration  of  the 
Waters,  which  are  apt  to  retain  the 
Motion  imprelfed  upon  them,  there¬ 
fore  the  greateft  Tides  of  all,  do 
not  happen  exactly  at  the  Conjunc¬ 
tion  and  Oppofition  of  the  Sun  and 
Moon,  but  generally  ab^ut  thrceTides 
after. 

Fifthly ,  Becaufe  the  Sun  is  a  little 
bearer  the  Earth  in  the  Winter  than 
in  the  Summer,  therefore  the  greateft 
EquinoCtial  Tides,  are  obferve i  to  b« 


thofe  which  happen  a  little  before 
the  vernal  Equinox  and  a  little  after 
the  Autumnal  Equinox. 

Sixthly ,  Becaufe  in  every  diurnal 
Revolution  of  the  Moon,  the  greateft 
of  the  two  Tides,  ought  to  be  that 
in  wh  ch  the  Moon  approaches  near- 
eft  to  the  Zenith  or  Nadir  :  There¬ 
fore  in  our  Climates,  when  the  Moon 
is  in  the  Northern  Signs,  that  diurnal 
Tide  which  is  made  When  the 
Moon  is  above  thfc  Horizon,  is  a 
little  bigger  than  the  other  5  and 
when  the  Moon  is  in  Southern  Signs, 
the  Tide  which  happens  when  the 
Moon  is  below  the  Horizon,  is  the 
biggeft. 

All  other  Phaenomena  of  the 
Tides,  which  according  to  the  dif¬ 
ferent  Latitudes  of  the  Places,  the 
Shallows,  Bays,  Streights  of  the  Seas, 
and  different  Tides  beaten  back  from 
the  Shores  and  meeting  together 
are  infinitely  various ;  may  be  very 
eafily  explained  by  this  Theory,  if 
we  have  a  true  Notion  of  it  in  our 
Minds.  See  the  Philosophical  7ranJ~ 
ahitons,  Nff.  226- 

This  is  the  Opinion  of  the  farrtous 
Sir  Ifaac  Newton  concerning  the 
Tides, wh:ch  Kepler ,  by  a  furprifingly 
probable  Conjecture,  had  fome  No¬ 
tion  of,  before  it  wag  dearly  found 
cut.  If,  fays  he,  the  Earth  jhould 
ceafe  to  attrahi  its  own  JKatett  to 
it  :  All  the  Hater  in  the  Sea 
•would  bb  lifted  up  and  run  into 
the  D/loon  :  'i  be  Sphere  of  attrahl  'eve 
Vertue  •which  is  in  the  Moon,  reacbet 
as  far  as  the  Earth ,  and  draws  up 
the  IVaters  under  the  Torrid  Zone , 
&c.  See  his  Introduction  to  the 
Theory  of  Marti 
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CHAP.  L  <  \ 

Of  the  EAR  f  jHI 

H  E  Univerfe  contains  an  infinite  Num¬ 
ber  of  different  Things,  whofe  Di- 
ftance  is  fo  great  as  not  to  afford  us 
a  clear  and  diftinft  Knowledge,  but 
only  an  imperfect  and  confufed  No¬ 
tion  of  them,  whereby  they  appear 
only  as  luminous  or  tranfparent. 
Wherefore  we  generally  think  that  we  have  a  fufficient 

Knowledge 
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Knowledge  of  thefe  Things,  if  we  can  find  out  what 
That  is  in  them  which  is  the  Original  or  Caufe  of  thefe 
two  Qualities  which  we  obferve  to  belong  to  them* 

But  it  is  not  fo  with  refpeft  to  the  Earth,  and  the 
Bodies  which  are  contained  in  it,  or  which  are  very 
near  to  it  :  For  thefe  being  within  the  Reach  of  all  ouf 
Senfes,  we  can  examine  them  a  great  many  different 
Ways,  and  thereby  obferve  a  great  many  Properties, 
each  of  which  deferves  to  be  particularly  confidered. 

And  to  eftablifh  this  Knowledge,  is  the  Defign  of  this 
third  Part  of  our  Treatife  of  Natural  Philofophy. 

2.  Daily  Experience,  and  a  thoufand  Obfervations  *•  <*hat  f 
made  by  the  Induftry  of  Men  in  part  Ages,  and  which 
we  ourfelves  have  confirmed;  do  fufficiently  convince  ten. 
us,  that  there  is  no  part  of  the  Earth,  be  it  never  fo 
great  or  fmall,  but  that  in  Time  it  undergoes  fome  Al¬ 
teration,  either  from  the  Action  of  Water  <pr  Air,  or 
of  the  fubtle  Matter  which  enters  into  its  Pores ;  even 
Diamonds,  which  are  the  leaft  liable  to  Alteration  of 


any  Bodies  that  we  know,  wear  away  and  diminifh  in 
length  of  Time,  not  only  by  rubbing  againft  each  other, 
but  by  mere  handling  them  with  our  Hands,  or  rubbing 
them  againft  our  Clothes.  For  after  we  have  carried 
them  a  long  Time  about  us,  they  do  not  look  fo  well 
polifhed,  and  the  angular  Points  of  them  grow  blunt; 
which  is  a  certain  Sign  that  they  have  loft  fome  of 
their  Parts  :  The  Earth  therefore,  which  has  fo  long 
withftood  the  Force  of  the  fubtle  Matter  of  its  Vor¬ 
tex,  muft  long  fince  have  been  entirely  worn  out  and 
deftroyed,  or  at  leaft,  very  much  changed  to  the  worfe 
from  what  it  once  was,  unlefs  it  had  been  continually 
fupplied  and  repaired  from  fomewhere  elfe.  But  fince 
we  are  fure  that  it  does  fubfift  ftill,  and  that  it  does 
not  appear  at  all  different  to  us  from  what  the  Anti- 
ents  deferibe  it,  this  is  a  fuflicient  Proof  that  it  is  re¬ 
paired  as  faft  as  it  waftes.  And  becaufe  this  Repara¬ 
tion,  as  well  as  what  it  lofes,  depends  upon  the  Acti¬ 
on  of  thofe  Things  which  encompafs  the  Earth,  if  there 
be  any  Ground  to  hope  for  a  thorough  underftanding 
of  the  Nature  of  the  Earth,  it  muft  be  principally  from 
our  Reafoning  about  what  muft  be  the  Effects  of  the 
Adfion  of  the  Matter  of  the  Vortex,  in  whofe  Center 
it  is,  upon  it.  3.  Tbstthe 

3.  Now  if  we  confider,  that  this  Vortex,  in  turn-  Eartb  J* 
ing  round,  muft  force  the  moft  folid  and  moft  agitated  pUfrt,cf 
Parts,  from  the  Center,  it  is  reafcnable  to  conclude,  the  third  ' 
2  that  Ehmnt * 
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that  thole  which  remain  about  the  Center,  muft  be  lefs 
folid  and  lefs  agitated  ;  and  that  therefore  the  Earth  is 
compofed  of  Parts  of  the  third  Element,  which,  be- 
caufe  they  are  very  grofs,  and  of  no  great  Solidity,-  and 
of  fuch  Figures  as  make  them  apt  to  entangle  each 
other,  are  more  difficult  to  be  moved  than  the  others : 
And  there  is  no  other  Difference  betwixt  thefe  terref- 
trial  Parts,  and  thofe  which  we  before  faid  the  Spots 
of  the  Sun  were  compofed  of,  but  this,  that  the  Parts 
of  the  Earth  are  more  ftrongly  and  clofely  united  to¬ 
gether,  and  by  that  Means  form  a  Denfer  and  more 
compact  Body. 

4  How  the  4.  And  becaufe  the  Parts  of  the  third  Element  are  of 
iartb'cme  very  irregular  Figures,  and  can  therefore  be  ranged  only 
to  be  jo  in  a  very  odd  Manner  j  from  hence  arifes  all  the  Ine- 

difftrent .  qualities  which  we  obferve  in  the  Earth  :  And  this  is 

the  Reafon  why  there  are  Mountains  in  fome  Places 
and  Deeps  in  others ;  that  fometimes  we  meet  with  a 
great  Number  of  its  Parts  fucceeding  one  another  with¬ 
out  Interruption,  and  forming  one  continued  Body, 
.and  at  other  Times,  we  fee  Valleys  and  large  Caverns; 
Laftly,  hence  it  is,  that  fome  of  its  Parts  are  very  hard, 
and  others  very  foft. 

£artb*it*b*  5*  However,  it  is  to  be  obferved,  that  not  withftand^ 
round .  ing  all  thefe  Inequalities,  it  is  impoffible  but  that  the 

Earth  muft  be  round,  or  very  nearly  fo ;  becaufe  if  at 
the  Beginning,  there  had  been  any  Part  confiderably 
higher  (compared  with  the  whole  Mafs)  than  all  the 
reft,  the  liquid  Matter  which  furrounded  it,  to  whofe 
Force  it  lay  more  expofed  than  any  other  Parts,  could 
not  but  beat  with  more  Violence  againft,  and  by  degrees 
undermine  it,  till  it  became  very  near  upon  the  fame 
Level  with  the  reft. 

6.  Wbattbe  6.  If  then  the  Earth  be  fuch  as  we  have  now  delcrib- 
^tber’prol**  ec^  it  ought  to  be  hard  and  dry ;  becaufe  the  Hard- 

pertiet  it,  nefs  and  Drynefs  of  any  Body  are  Qualities  which  are 

the  Refult  of  its  Parts  being  at  reft  ;  It  muft  alfo  be 
cold,  becaufe  there  is  not  Motion  enough  in  its  Parts, 
to  excite  Heat :  And  it  muft  alfo  be  heavy,  becaufe  its 
Parts,  having  lefs  Force  than  the  other  Matter  to  go 
off*  from  the  Center  of  the  Vortex  in  which  the  Earth 
is,  muft  needs  be  impelled  that  Way.  If  we  add  to 
this  ;  that  the  Reafon  why  it  is  opake,  is  becaufe  of 

the  frequent  Interruption  and  Winding  of  its  Pores, 

which  do  not  correfpond  with  each  other,  we  may  af¬ 
fare  ourfelves,  that  this  ftiort  Defcription  contains-  a 

2  fuU 
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full  Explication  of  the  principal  and  moft  obvious  Proper¬ 
ties  of  the  Earth.  So  that  I  may  be  excufed  adding  any 
Thing  farther  upon  this  Head,  except  a  little  more  par¬ 
ticular  Confideration  of  its  Pores ;  which  feems  to  me 
neceflary  in  order  to  the  more  diftineft  Knowledge  of  it. 

7.  It  is  true  indeed,  that  it  is  impoflible  to  deferibe 

them  ail,  becaufe  of  the  prodigious  different  Sorts  that  three  Sort « 
there  are  in  this  large  Mafs,  and  efpecially,  in  that  Part  °f  Por‘*  ** 
of  it  which  we  call  the  exterior  Earth,  the  Particles  oitbe  Eartb* 
which  are  of  very  irregular  Figures  :  However,  if  we 
can  content  ourfelves  with  the  Confideration  of  the  Na¬ 
ture  of  the  Pores  of  the  interior  Earth,  (which  muft  needs 
be  very  ftreight,  becaufe  the  Parts  of  the  third  Element 
are  very  much  compreffed  there,  by  the  Weight  of  all 
the  Parts  which  they  fuftain  ; )  they  may  eafily  be  reduced 
to  thefe  three  Sorts.  Firft,  fuch  as  will  bend  and  turn 
all  Ways,  and  go  along  like  Waves  ;  Secondly,  fuch  as 
are  perfectly  ft  r  eight ;  and  Thirdly,  fuch  as  communicate 
with  each  other,  and  are  twijled  together,  which  refera¬ 
ble  the  Branches  of  T rees.  1 

8.  Befides  thefe  three  Sorts  of  Pores,  there  is  yet  a  g#  7^ 

COft^ 

de* 

here  it  is  neceffary  in  the  firft  Place  to  recoiled  what^ri/W 
was  formerly  faid  concerning  that  fubtle  Matter,  which 
by  entering  into  the  Earth’s  Vortex  at  thofe  Places  the  Form  of 
which  are  near  its  Poles,  and  fo  getting  from  thence  a  Screw* 
the  Earth  itfelf,  caufes  the  Earth  always  to  keep  its  Axis 
parallel  to  itfelf,  during  its  annual  Motion  about  the 
Sun.  After  this,  we  muft  obferve,  that  though  the  vio¬ 
lent  Agitation  of  the  Parts  of  the  Matter  of  the  firft 
Element,  do  generally  hinder  them  from  being  of  any 
certain  Figure  j  yet  the  greateft  Part  of  thofe  which  en¬ 
ter  into  any  Vortex,  acquire  fome  particular  Figure 
which  they  remain  in  fora  long  Time.  Forlnftancej 
becaufe  the  Matter  which  enters  into  the  Earth’s  Vor¬ 
tex,  moves  very  nearly  in  a  ftreight  Line  from  one  of 
its  Poles  to  the  Center,  therefore  a  great  many  of  its 
Parts  are  at  reft  with  regard  to  each  other 3  which 
makes  them  ftick  together,  and  as  I  may  fay,  congeal, 
and  become  of  the  fame  Figure  as  the  Space  is  through 
which  they  pafs  3  in  the  fame  manner  as  melted  Wax 
grows  hard,  and  takes  the  Figure  of  the  Mould  into 
which  it  is  caft.  Now  becaufe  the  Matter  of  the  firft 

Element, 


fourth,  which  requires  particular  Attention  in  order  to  there  it 
a  clear  Underftanding  of  them,  becaufe  of  the  Confe-  Matter 
quences  which  we  fhall  afterwards  draw  from  it.  And  rcendin? 
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Element,  takes  its  Figure  by  palling  through  the  Tri¬ 
angular  Space  which  mull:  neceflarily  be  left  between 
three  Globules  of  the  fecond  Element,  therefore  the  Fi¬ 
gure  fo  acquired  will  be  that  of  a  long  {lender  Body,  all 
along  which  there  will  be  three  Channels,  and  thofe  very 
direS,  if  all  the  Globules  of  the  fecond  Element  were 
ranged  in  fuch  order,  that  the  triangular  Intervals  be¬ 
twixt  them,  agreed  exactly  with  each  other  j  But  becaufe 
this  cannot  be :  If  on  the  contrary,  we  imagine  a  great 
ihany  Ranks  of  thofe  Globules  to  furround  the  Earth ; 
the  Interval  between  three  Globules  of  the  uppermoft 
Rank,  mull  neceffarily  be  directly  againft  fome  Globule 
of  an  inferior  Rank.  Confequently  the  Matter  of  the 
Frit  Element,  muft  defcend  towards  the  Center  of  the 
Vortex,  by  winding  continually  round,  and  will  therefore 
acquire  a  Figure  pretty  much  like  that  of  a  Screw  with 
three  ( i )  Channels  in  it. 

Kibm  tie  9'  And  becaufe  the  Particles  of  the  fecond  Element 

channel  of  which  are  at  a  certain  Pittance  from  the  Earth,  turn  a 
vfbfcTd»  little  fatter  from  Weft  toEaft  than  thofe  which  are  in 
fendt  to -  jthe  upper  part  of  the  Vortex  j  this  caufes  the  Matter 
a oarditbe  qf  the  firft  Element  to  turn  one  particular  Way,  as. 
^'turned  tbt  **  defcends  about  the  Axis  of  the  Vortex  ;  whence  it 
contrary  ls  eafy  to  conclude,  that  the  Parts  of  the  Matter  of  the 
way  to  that  ftrft  Element,  which  defcend  towards  one  of  the  Poles 
Ycendito-  ^  the  Earth,  acquire  the  Form  of  a  great  many  fiml- 
wardi  tie  lar  Screws,  all  of  them  wreathed  the  jztme  Way  ;  and 
vffofitePelf.  that  thofe  which  defcend  towards  the  oppofite  Pole,  be¬ 
come  of  the  Shape  of  the  other  Screws  wreathed  the  con¬ 
trary  Way. 

30.  0/4  10,  Thefe  things  being  fuppofed  ;  though  we  are  cer- 

fourtb  Sort  tain  that  there  are  a  great  many  Pores  in  the  Earth  which 
ife^etwitb  are  fitted  up  in  Time  with  the  Parts  of  the  third  Element 
intbe  Earth,  which  fwim  amongft  thofe  of  the  firft  and  fecond  Ele- 

I  »  w  .  » 

ment,  and  whofe  Motion  is  eafily  flopped  when  they 
meet  with  any  Obftacle,  becaufe  they  are  of  fuch  Fi¬ 
gures  as  are  eafy  to  be  entangled  5  yet  wTe  are  not  to 
underftand  this  to  be  fo  in  thofe  Pores  juft  now  de- 
fcribed,  through  which  the  Matter  ftiaped  like  a  Screw 
pafles,  becaufe  this  Matter  keeps  its  Paflage  through 
thefe  Pores  always  open.  All  the  Conjecture  that  we 
can  make  about  thefe  Pores  is  only  this,  that  they  con¬ 
tradi  themfelves  fo  as  to  leave  only  juft  as  much  Space 

fi)  See  Vitruvius f  Book  III.  Chap.  3. 

•  '  .  '•  '  V 


Chap.  2.  c/Nat^ral  Philosophy,  \iy 

as  is  neceffary  for  the  mere  Paflage  of  the  channelled 
Particles.  Whence  it  follows,  that  thefe  Pores  (which 
are  the  fourth  Sort  that  we  are  to  examine)  are  fo  many 
Receptacles  parallel  to  each  other,  and  that  thofe  of  them 
which  receive  the  channelled  Matter  which  comes  from 
the  Ar&ick  Pole,  are  turned  the  contrary  Way  to  thofe 
through  which  the  channelled  Matter  which  defcends 
from  the  Antar&ick  Pole,  paffes. 


CHAP.  IL 
Of  the  AIR. 

WE  generally  give  the  Name  of  Air  to  all  that  li- 1  .What  is 
quid  and  tranfparent  Matter  in  which  we  live, 
and  which  fpreads  itfelf  all  round  the  whole  Globe 
compofed  of  Earth  and  Water.  Now  Air,  taken  in 
this  Senfe,  is  indeed  a  very  ftrange  and  wonderful  Com- 
pofition,  not  only  becaufe  of  the  Matter  of  the  firft  and 
fecond  Element,  a  great  Quantity  of  which  is  to  be 
found  in  it,  but  alfo  becaufe  of  the  different  Bodies 
which  are  continually  raifed  and  exhaled  out  of  the 
Earth.  Wherefore,  before  we  can  throughly  under- 
ftand  the  Nature  of  the  Air,  we  muff  know  the  Na¬ 
ture  of  all  thefe  Bodies.  But  becaufe  we  fhall  treat  of 
them  afterwards,  that  we  may  proceed  in  a  proper  Me¬ 
thod,  we  will  now  confider  by  itfelf,  what  Air  pro¬ 
perly  is,  without  the  Mixture  of  any  other  Bodies  with 
it,  that  is  to  fay,  what  pure  fimple  Air  is,  which  the 
Commentators  upon  Ariftotle  have  given  the  Name  sA 
Element  to,  1 

2.  In  order  hereunto,  we  need  only  imagine  the  Air  a.  Of  the 
to  be  a  large  Heap  confifting  of  an  infinite  Number  of 
the  fmall  Parts  of  the  third  Element,  which  are  like 
Branches,  of  Very  irregular  Figures,  pretty  much  like 
thofe  which  we  before  faid  that  the  Earth  was  compofed 
of,  only  fmaller  and  loofer  j  which  make  them  in  con¬ 
tinual  Agitation  fo  long  as  they  are  fwimming  amongft 
the  Particles  of  the  fjrft  and  feccnd  Element.  Where¬ 
fore  though  it  fhould  feem  by  their  Figures,  that  they  are 
very  apt  to  lay  hold  of  and  entangle  each  other,  yet 
they  cannot  really  do  lo,  becaufe  they  are  fo  very  fine, 
as  to  give  way  to  the  leaft  ImprelEon  made  upon  them 

by 
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by  the  Matter  of  the  firft  and  fecond  Element,  which 
eafily  bends  them  that  Way  which  will  difunite  them  ; 
and  becaufe  their  Branches  are  fo.  very  fmall  and  fhort 
that  they  cannot  be  tied  up  in  Knots. 

3.  Of  the  3.  The  Air  therefore  muft  always  be  liquid*  and  can 

fever  a  1  Pro.  never  be  hardened,  as  we  fee  Water  is  when  it  is  frozen ; 

°J (  *  fQ  it  ought  to  be  light,  becaufe  there  is  but  a 

Cnall  Quantity  of  the  proper  fatter  of  it  in  a  large  Com- 
pafs ;  it  ought  alfo  to  be  ^ranfparent,  becaufe,  it  being 
in  continual  Agitation  itfelf,  it  cannot  flacken  the  Mo¬ 
tion  which  luminous  Bodies  imprefs  upon  the  Parts  of 
the  fecond  Element  in  which  it  fwims,  and  by  Means  of 
which  it  tranfmits  the  Light,  and  raifes  the  Senfation  of  it. 
Laftly,  it  muft  alfo  be  very  much  condenfed,  not  only 
when  the  Heat  or  Agitation  of  its  Parts  being  confider- 
ably  leflened,  they  are  unable  to  dafh  againft  each 
other,  or  drive  one  another  with  fo  great  Violence  as 
ufual  5  but  alfo  when  they  are  contained  between  the 
Parts  of  other- Bodies  which  comprefs  thern  ipfipre  than 
ordinary.  On  the  other  Hand,  (?)  it  muft  be  dilated, 
whfen  the  Caufes  of  its  Confinement  are  taken  away ; 
by  heating  it,  if  it  was  before  condenfed  by  Cold,  or 
by  opening  the  Prifon  in  which  it  is  contained,  if  its 
preflure  only  was  the  Caufe  of  its  being  reduced  to  a, 
lefsi  Cqmpafs. 


(1)  If  muft  be  dilated,  &c.)  How 
great  the  Compreffion  or  Dilatation  is, 
/ays  the  famous  Dr.  Wallis,  which 
the  Air  is  capable  of ,  is  not  eafy  to 
tell ]  it  is  certainly  very  great,  more 
tka  n  any  one.,  who  has  not  try' d, would 
think,  as  appears  by  Experiments. 

Merfennus  fometime  ago,  affirms, 
that  by  the  help  of  an  JEolipile,  ap~ 
flying  a  very  great  Pleat  (as  much  as 
that  Sort  of  Vefjtl  would  bear  with¬ 
out  melting)  be  dilated  the  Air  fo 
much  as  to  take  ab.ve  feventy  times 
the  Space  which  it  did  he f  re. 

And  our  Honourable  Mir.  B^y’e, 
without  the  dffijlarce  of  Heat ,  f  und 
that  the  Air,  by  its  elaftick  Force 
only,  expanded  itfelf  into  a  Space, 
firft  nine  times  greater  than  before} 
tjpen  thirty  one  times  j  after  that , 
Jixty  times  5  and  lafi  of  a  l,  a  bun.~ 
dred  and  fifty  times,  whi.h  is  more 
tpan  double  Merfennus’j  Expanfien. 
After  all  th1*,  he  promoted  that  Fx- 
panfion  by  other  means  to  above  eight 
th  uja  d  limit  (by  its  tlaft.ck  Force 


without  applying  any  Heat )  at  which 
Experiment  (fays  the  famous  Dr. 
Wallis)  I  was  prefent .  Thin  by  the 
making  ufe  of  another  Experiment 
fill  it  came  to  above  ten  tboufand 
times,  nay  to  take  up  thirteen  tboufand 
fix  hundred  and  feventy  nine  times  as 
much  Space  as  at  firji.  See  Wallis's 

Hydroftat*  Prop  ip 

Now  this  Dilatation  was  made  in 
Air  without  its  being  artificially 
comprefled,  fo  that  it  appears,  that 
the  Air  which  we  breathe  heie  upot? 
the  Supeificies  of  the  Earth,  is,  by  its 
own  Wo'ght  orfy,  comprtfled  into 
the  thirteen  thoufand,  £(x  ho r, dred 
and  feventy  ninth  paitcf  the  Space 
wh'th  it  would  take  up  in  a  Vacu¬ 
um*  B«t  if  it  be  cornpreff.-.d  ft- 11 
more  by  Art, it  will  appear  (as  the  fa¬ 
mous  Mr.  if tyle  experienced)  that  the 
Space  whi  h  Air  takes  up,when  it  is 
moft  of  all  dilated,  is  to  the  Space 
which  the  time  Air  poffefles,  whep 
it  is  moft  of  all  compefied,  as  fiv$ 
hundi  ed  and fi y  tkouja  r.d  to  o%e.  '  ' 
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4.  It  is  not  befide  the  Purpofe  to  obferve  here,  that  4*  * 

the  Dilatation  of  Air,  which  is  made  in  this  manner,  by  tla™fr*ble 
removing  the  Obftacles  by  which  it  is  comprefled,  Dilatation* 
ought  to  be  very  quick,  becaufe  its  Particles  which  be¬ 
fore  were  forcibly  bent  and  fo  moved,  endeavour  all  to¬ 
gether  to  make  themfelves  ftreight,  and  to  expand  them- 

felves  as  much  as  they  can,  and  that  with  a  Velocity 
equal  to  thofe  of  the  Second  Element,  by  which  they  are 
agitated.  And  upon  this  Property  of  the  Air  is  founded 
the  Invention  of  little  portable  Fountains,  which  throw 
up  the  Water  to  a  great  Height ;  and  of  Guns  which 
being  charg’d  with  Air  only,  will  fend  forth  a  leaden 
Bullet  with  an  incredible  Swiftnefs. 

5.  The  artificial  Fountains  are  made  in  this  Manner.  a  De- 
ABCD  is  a  Veflel  of  very  hard  Metal  that  will  not  bend °f 
of  any  Figure  you  pleafe ;  there  is  no  Hole  left  in  it  Xanrlm*/ 
but  at  AD,  which  is  fo  to  be  flopped  by  the  T ube  EF  Tab  X1V< 
being  foldered  to  the  Veflel,  that  nothing  can  enter  into  FlS*  3« 
the  Cavity  HL,  but  through  the  T ube  EF  :  the  Bottom 

of  this  Veflel  is  purpofely  to  be  contrived  with  a  little 
defcending  Cavity  in  fuch  a  manner,  that  tho’  there  be 
no  Hole  made  in  it,  nor  the  T ube  EF  touch  it ;  yet  the 
Extremity  F  may  go  a  little  lower  than  that  fame  Bot¬ 
tom.  Laftly,  there  is  a  little  Cock  at  D,  by  which  the 
Tube  is  opened  and  fhut. 

Which  <vafl  ContraBion  and  Ex - 
fanjion  feemt  unintelligible ,  by  feign¬ 
ing  the  Particles  of  Air  to  be  fpnngy 
ajid  ramus ,  or  rolled  up  like  Hoops , 
f'r  by  any  other  means  than  a  repuliive 
IPcwer.  Newt.  Optic,  pag.  371, 

Now  this  repulHve  Force  is  much 
greater  in  Air,  than  in  any  other  Bo¬ 
dies,  bicaufe  it  is  with  great  Diffi¬ 
culty  generated,  and  that  from  very 
fixed  Bodies,  and  fcarce  from  fuch 
without  Fermentation,  thofe  Parti, 
tits  receding  from  one  another  j  with 
the  great  eft  Force ,  and  being  mojl 
difficultly  brought  together,  which 
upon  ContaB  cohere  moft  Jlrong/y  ibid, 
pag  372.  [See  a/fo  the  Notes  on 
Part  I.  Chap,  xxvii.  Art.  I  y.  con¬ 
cerning  the  Force  with  which  the 
Particles  of  Light  are  emitted.)  Now 
that  there  is  fuch  a  repuljinjt  Force  in 
Bodies  appears  from  hence,  that  Flits 
walk  upon  tbeWater  without  wetting 
their  Feet ;  and  that  the  ObjeB  Glaffes 
ef  long  Telefcopes  lie  upon  one,  another 
without  touching ,  and  that  dry  Pc w- 


dert  art  difficultly  made  to  touch  one 
another ,  fo  as  to  flick  together ,  unleft 
by  melting  them, or  wetting  them  with 
Water ,  which  by  being  exhaled  may 
bring  them  together ,  and  that  two  po. 
lifhed  Marbles ,  which  by  immediate 
ContaB  flick  together,  are  difficultly 
brought  f  cloft  together  as  to  flick,  ibid. 

As  to  the  efficient  Caufe  of  this 
repulfait  Force ,  See  what  is  faid 
concerning  the  Caufe  of  AttraBion, 
in  the  Notts  on  Part  I.  Chap.  xi. 
Art.  15. 

Laftly ,  It  is  an  Experiment  of 
the  famous  Mr.  Boyles  very  well 
worth  obferving,  that  A:r  enclosed 
feveral  Years  in  a  Glafs  Veflel,  1<  ft 
nothing  of  its  elaftick  Force  (which 
he  couid  petfceive)  though  all  other 
Bodies,  when  forcibly  detained  in 
an  undue  Pofition,  loie  their  St  ff- 
nefs  by  Degrees,  and  become  weak. 
Whether  Air  can  be  generated  from 
fome  Bodies  and  converted  into  o- 
thers  ;  See  the  Notts  on  the  following 
Chap* 


Vo  L.  II. 
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6.  Now 
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6*  Tbe  ufe  ’*  :  6.  Now  as  to  the  Ufe  of  this  Fountain,  and  the  Manner 
°(al„‘sFoun'  of  fetting  it  to  work  :  The  Tube  EF  is  to  be  opened, 
and  a  Syringe  fitted  to  the  Mouth  E,  by  which  as  much 
new  Air  as  we  can,  is  to  be  forced  into  the  Cavity  HL, 
to  condenfe  the  Air  which  was  there  before,  and  then 
the  Hole  E  is  to  be  flopped.  After  this,  another  Syringe 
filled  with  Water,  is  to  be  fitted  to  the  fame  Hole,  and 
to  be  thruft  into  the  Cavity  a  little  deeper,  that  the 
Air  which  was  put  into  the  Veflel  do  not  force  it  out  a- 
gain,  when  the  Cock  is  opened  ;  then  the  Cock  is  to  be 
opened,  and  all  the  Water  in  the  Syringe  to  be  forced 
ipto  the  Veflel ;  then,  having  turned  the  Cock,  the  Sy¬ 
ringe  mufl  be  filled  with  Water  again,  and  forced  into 
the  Veflel  as  before,  and  fo  on,  as  often  as  it  can  be. 
The  Engine  being  thus  prepared  ;  as  foon  as  ever  the 
Cock  is  unturned,  the  Air  v/ithin  by  endeavouring  to 
dilate  it  felf,  prefles  upon  the  Water  which  is  at  the 
Bottom  of  the  Veflel,  and  forces  it  through  theTube  EF, 
with  great  Violence  ;  fo  that  it  is  very  pleafant  to  fee  it 
rife  up  into  the  Air,  and  play  like  a  Fountain. 

7.  A  De-  7.  We  fhall  now  give  you  the  Figure  and  Defcription 
*mnd-Gun.°£  a  Wind-Gun.  AA  is  a  Tube  of  Metal  well  folde- 
Tab  xiv.  red  together ;  open  at  one  End  I,  and  flopped  at  the  other 
F’S*  4*  End  ;  the  hollow  of  this  T ube  anlwers  to  what  we 
commonly  call  the  Barrel  of  a  Gun.  BB  is  another  Tube 
of  Metal,  within  which  the  Tube  AA  is  fo  placed,  that 
Air  may  fle  included  in  the  intermediate  Space  CC.  G 
is  a  Hole  flopped  with  a  Valve  which  will  open  inwards, 
that  is,  will  permit  the  Air  to  pafs  forward  from  L  to 
C,  but  not  to  go  back  from  C  to  L.  The  Tube  AA  has 
alfo  two  other  Holes  E  and  D,  at  that  End  which  refem- 
bles  the  Breech  of  a  common  Gun  :  Through  the  Hole 
E,  the  Air  contained  in  the  Space  CC  could  pafs  into 
the  Barrel  of  the  Gun,  but  that  it  is  hundred  by 'a' Valve 
wfiich  can  open  only  outwards,  and  is  prefled  fo  much, 
the  harder  againft  the  Hole  which  it  flops,  by  the  Air  con¬ 
tained  in  the  Space  CC,  as  that  Air  endeavours  to  get- 
into  the  Barrel  with  more  Violence.  By  the  other  Hole 
D  there  is  a  Communication  betwixt  the  external  Air 
and  all  that  in  the  whole  Engine.  And  that  the  Air 
which  is  contained  in  the  Cavity  CC  may  be  hindred  from 
getting  out  there,  there  is  a  fhort  T ube  placed  between 
D  and  E,  the  Extremities  of  which  are  foldered  to  the' 
Holes  of  the  Tubes  AA  and  BB.  Laflly,  HH  reprefents 
the  Body  of  a  Syringe,,  by.  which  as  much  Air  as  can  be- 

is 
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is  crouded  into  the  Space  CC :  Which  being  done,  and 
a  leaden  Bullet  thruft  into  the  Tube  A  A  as  far  as  O,  the 
Gun  is  charged.  And  in  order  to  difcharge  it,  we  need 
only  put  into  the  Hole  D  a  fmall  round  Stick,  fitted  to 
it  as  exa<flly  as  poflible,  with  which  pufhing  away  the 
Valve  at  the  Hole  E,  as  foon  as  that  Hole  is  open,  the  Air 
contained  in  the  Cavity  CC,  will  dilate  it  felf,and  rufhing 
into  the  Gun,  will  drive  out  the  Bullet  without  making 
much  Noife. 


8.  The  very  little  Noife  which  thefe  Guns  make  in 
going  off,  has  given  Occafion,  I  believe,  for  the  Fi(5Iion 
of  that  white  Powder,  which  goes  off  without  making 
any  Noife ;  a  Secret  which  the  firft  Inventers  of  thefe 
Guns,  who  would  have  them  pafs  for  common  Guns, 
very  much  boafted  of.  But  it  is  evident,  that  this 
Powder  is  only  a  mere  Story  ;  becaufe  whatfoever  is  able 
to  drive  a  Bullet  out  of  a  Gun  with  the  fame  Velocity 
that  Gun-Powder  does,  muff  likewife\ftrike  the  Air  with 
the  fame  Force,  and  confequently  make  as  much  Noife. 
But  though  thefe  Wind-Guns  fend  forth  a  leaden  Bullet 
with  a  furprizing  Swiftnefs,  yet  it  falls  very  much  fhort 
of  the  Swiftnefs  caufed  by  Gun-Powder  in  a  common 
Gun  ;  and  therefore  it  is  no  wonder  that  they  make  lefs 
Nolle  when  they  go  off. 

9.  To  what  has  been  faid  concerning  the  Nature  of 
the  Air,  we  may  add  further,  that  the  Air  being  liquid, 
it  ought  to  gather  it  felf  about  the  Earth  in  fuch  a  man¬ 
ner,  that  the  external  Superficies  of  it  may  be  fpherical. 
But  becaufe  it  is  more  condenfed  by  the  Cold  near  the 
Poles,  than  it  is  in  other  Places,  it  follows,  that  there 
mull  be  a  larger  Quantity  of  it  in  thofe  Places,  and  con¬ 
fequently  it  muff  be  of  a  greater  Weight  than  in  the  Pla¬ 
ces  near  the  Equator :  And  this  appears  to  be  indeed  fo 
by  Experiments  ;  for  the  Mercury  rifes  higher,  in  the 
Barometers  formerly  defcribed,  in  Sweden  and  Denmark , 
than  in  France  and  Italy. 

10.  Now  if  we  would  afcend  up  beyond  that  grofs 
Air,  whofe  Parts  we  have  been  now  defcribing,  in  order 
to  find  out  what  is  there ;  it  feems  to  me  eafy  to  guefs, 
that  there  is  nothing  elfe  there  but  Matter  of  the  firff 
and  fecond  Element.  For  if  any  other  Matter  were 
placed  there,  it  could  not  continue  there  long,  but  would 
prefently  be  driven  towards  the  Center  of  the  Vortex,  be¬ 
caufe  it  cannot  be  in  fo  great  Agitation,  nor  have  fo' 
much  Force  to  go  off  from  that  Center,  as  the  fubtle 
Matter  has ;  fo  that  it  can  be  only  this  Matter  which  is 

V  o  i„  II.  I  2  above 
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9.  That  the 
Air  is  hea¬ 
vier  in  thofe 
Places 
which  are 
near  the 
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Equator. 


IO.  What 
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hove  the  Air  • 
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above  the  Air.  As  to  the  Name  which  this  Matter  may 
be  called  by,  I  agree  to  that  of  /Ether ,  which  is  that  by 
which  Arijlotle  called  it ;  But  as  to  the  Word  Fire ,  I  can 
by  no  means  agree,  that  it  fhould  be  called  fo ;  becaufe 
thisWord  is  ufed  to  fignify  a  hot  and  luminous  Subftance; 
and  by  fo  calling  it,  we  fhould  give  occafion  to  many  to 
think,  that  there  is  a  Fire  above  the  Air,  like  that  which 
warms  us  and  fhows  us  Light  here  below ;  but  this  is 
contrary  to  Experience,  not  only  becaufe  it  fhows  us  no 
Light  in  the  Night,  but  alfo  becaufe  it  is  fo  far  from  cau- 
fing  any  Heat,  that  on  the  contrary,  the  higher  we  go 
above  the  Superficies  of  the  Earth,  the  colder  we  find  it. 


CHAP.  III. 

Of  WATER. 

T  N  order  to  a  more  diftinft  Knowledge  of  the  Nature 
^  of  terreftrial  Things,  let  us  confider  the  Earth  again. 
And  here  it  is  to  be  obferved,  that  the  Earth  being  (as 
we  faid  before)  porous,  and  there  being  a  Plenum  in 
Nature,  its  Pores  muft  neceflarily  be  filled  with  the  Mat¬ 
ter  of  the  firft  Element.  But  becaufe  thefe  Pores  are  long 
and  very  ftreight,  their  Length  and  extreme  Smallnefs 
will  not  permit  the  different  Parts  of  this  Matter  to  move 
otherwife  than  along  them  only  :  This  makes  them  to  be 
as  it  were  at  reft  with  refpe&  to  each  other,  and  to  ftick 
together,  and  form  very  fmall  Bodies  of  the  fame  Shape  as 
thefe  Pores.  Now  if  we  examine  what  (amongft  all  the 
Things  in  Nature)  a  Mafs,  confifting  of  an  infinite  Num¬ 
ber  of  thefe  fmall  Bodies,  which  were  formed  in  thofe 
undulating  Pores,  like  fo  many  Moulds,  and  which  con- 
fequently  refemble  fmall  Threads,  which  muft  be  very 
pliable,  becaufe  during  the  Formation  of  them,  they 
were  feveral  Times  bent  different  Ways,  may  be  compa¬ 
red  to ;  we  fhall  have  reafon  to  think  that  it  exadfly  re- 
fembles  what  we  call  Water,  and  is  of  the  fame  Nature; 
becaufe  we  fhall  find  in  it  all  the  Properties  which  we  ob- 
ferve  to  be  in  Water. 


I.  Of  the 
Nature  of 
Water. 


2.  For 
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2.  For  firft,  if  Water  refembles  a  Collection  of  fuch  2*  Why  it  it 
fmall  Bodies,  it  is  certain,  that  it  ought  to  be  liquid ; 
becaufe  the  Parts  of  it  being  very  {lender,  they  are eafily  bmitmaj 
put  in  Motion  by  the  Particles  of  the  fecond  Element,  b*  congealed* 
which  enter  in  between  them  and  furround  them  on  all 

Sides.  But  there  is  no  Inconliftency  in  fuppofing  that  it 
may  fometimes  become  hard,  and  appear  in  the  Form  of 
fee ;  becaufe  at  fome  Times,  and  in  fome  Places,  the 
Matter  of  the  fecond  Element,  being  much  lefs  agitated, 
or  much  more  fubtle  than  ordinary,  may  confequently 
not  have  Force  enough  to  move  the  Parts  diftinCtiy  a- 
mongft  each  other,  to  that  Degree  as  to  make  them  liquid. 

3.  The  Heavinefs  of  Water  is  alfo  a  natural  Confe-  3.  Why  me 
quence  of  this  Suppofition  ;  becaule  Weight  depends  beavJ* 
folely  upon  this,  that  the  Parts  have  not  fo  great  Motion 

as  is  requifite  to  caufe  them  to  go  off  from  the  Center 
of  the  Earth  ;  wherefore  they  muff  neceffarily  be  impelled 
that  Way  by  the  A&ion  of  the  fecond  Element  \  And  this 
is  the  Reafon  why  Water  is  heavy. 

4.  Now  we  have  no  Reafon  to  wonder,  that  Water  4»  That  Cold 
when  it  is  hardened  into  Ice,  is  cold  ;  for  this  is  a  natu-  u  not  more 
ral  Confequence  and  Effedf  refulting  from  the  Parts  be-  "water  than 
ing  at  reft,  as  was  before  explained  when  we  treated  of  Heat . 

Cold :  But  when  it  is  liquid,  Heat  or  Cold  are  equally 
indifferent  to  it  j  becaufe  by  the  Nature  of  it,  it  is  equally 
fufceptible  of  greater  or  lefs  Agitation,  which  is  neceffary 

to  make  it  hot  or  cold. 

5.  And  though  Water  which  is  heated  upon  theFire,  5.  Tbatcohi 
grows  cool  by  Degrees,  it  is  not  becaufe  it  has  any  pan-  Water  bat 
ticular  Difpofition  to  being  cold  ;  but  proceeds  from 

hence,  that  it  communicates  at  fuch  a  Time  fome  of  its  freeze» 
Motion  (in  which  its  Heat  confifts)  to  the  Things  which 
furround  it,  and  which  are  lefs  agitated  than  it  felf :  And 
this  is  confirmed  from  hence,  that  if  we  put  hot  Water 
Into  fuch  3  fort  of  a  Veffel  as  will  any  way  hinder  it  from 
having  fo  much  Communication  with  the  Things  about 
it,  whofe  Parts  are  fufceptible  of  Motion  ;  we  find 
by  Experience,  that  it  will  preferve  its  Heat  a  long 
while. 

6.  When  Water  is  pretty  much  heated,  fome  of  its 
Particles  will  get  out  of  their  Places  and  fly  up  into  the 

Air,  where  they  are  turned  round  by  the  Matter  of  the  much  S  * 
firft  and  fecond  Element  which  they  are  mixed  with,  and/^* 
made  to  unfold  themfelves  to  their  full  Length,  and  to 
drive  every  Way  round  them,  all  the  Particles  of  the  Air 
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into  Water . 
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which  they  meet  with  in  thofe  Spherical  Spaces  of  which 
themfelves  are,  as  it  were,  the  Diameters. 

7.  This  great  Agitation  of  the  Parts  of  Water  which 

caufes  them  to  feparate  from  each  other,  is  (1)  all  the  Al¬ 
teration  that  Water  undergoes,  when  we  fay  that  it  is 
converted  into  Vapours ;  as  is  proved  from  hence,  that 
if  they  lofe  any  of  their  Motion,  as  they  really  do  when 
they  meet  with  cold  Bodies,  we  fee  that  they  unite  them¬ 
felves  together  again,  and  compofe  the  fame  fort  of  Wa¬ 
ter  which  they  did  before  they  were  converted  into  Va¬ 
pours.  . 

8.  I  know  there  are  fome  who  are  prejudiced  with 
this  Opinion,  that  Water  which  is  evaporated,  turns 
into  Air  j  and  who  alfo  believe,  that  Air  changes  its 
Nature  and  is  converted  into  Water,  when  we  fee  the 
Surface  of  a  cold  Body,  expofed  to  the  Vapours  excited 
in  the  Air,  covered  over  with  Water  :  But  in  order  to 
undeceive  fuch  Perfons,  I  will  tell  them  an  Experiment, 
which  I  have  made,  and  which  they  may  make  them¬ 
felves,  it  being  very  eafy  to  be  done,  which  will  fhow 
them  that  Air  cannot  be  changed  into  Water,  I  took  one 
of  the  Glafs-Bottles  with  a  long  Neck,  which  the  Chy- 
mifts  call  a  Bolt-Head ,  which  held  about  two  Gallons, 
and  fealed  it  hermetically,  fo  that  it  might  continue  full  of 
Air  :  After  that,  I  put  it  into  a  Tub  that  was  filled  with 


{  t  )  All  the  Alteration  that  Water 
undergoes ,  &c.)  Water  feems  not 
capable  of  being  converted  into  Air, 
becaufe  its  Parts  are  not  ft 'ft'  and 
fpringy,  but  will  eaftly  bend  and 
turn  round.  Yet  the  famous  Mr. 
Boyle  obferved,  that  Water,  by  be¬ 
ing  often  diftilFd,  might  generally 
he  converted  into  an  earthy  Sub- 
-ftance ;  and  we  .know  that  in  the 
Couife  tf  Nature,  Water,  or  fome 
Subftan:e  contained  ii  Wate’,  is 
every  Year  converted  into  Herbs, 
Corn  and  Wood.  So  like  wife  Air 
JS  not  changed  into  Water  by  Com- 
preffioh  ;  yet  Air  fe  ms  to  be  gene¬ 
rated  out  of  a  great  rmny  Bodies. 
F<r  amongft  other  Experiments  made 
in  Vacuo,  the  famous  Mr.  Boyle  ob- 
fei\ed,  that  a  SubfLuice  very  like 


Air,  and  which  had  all  the  Effe£b 
cf  the  Elaft’city  of  Air,  was  gene¬ 
rated  from  I1011  and  Oil  of  Vitriol , 
from  Bread,  Grapes,  new  Wine# 
boyled  App’es,  from  a  great  many 
Sorts  of  Fruits,  from  Beans,  Flelh, 
Herbs,  Flowers,  and ,  a  great  many 
other  Bodies.  But  upon  examining 
the  Thing  more  clofely,  this  was  fo 
farf.om  being  pure  Air,  that  Ani¬ 
mals  ftiut  up  in  this  Subftance,  could 
not  only  not  breathe  in  it  without 
being  hurt,  but  they  died  in  it  much 
focner  than  in  a  Space  entirely  emp¬ 
ty.  So  thet  it  is  neceftary,  that  this 
ihould  be  mixed  with  the  epen  Air, 
generated  from  all  other  Sorts  of 
Bodies,  before  it  be  lit  for  Refpira- 
tion. 


W  ater5 
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Water,  and  flood  in  the  Cellar,  where  it  remained  for 
three  whole  Years  without  Interruption,  except  that  I 
now  and  then  took  it  out  to  fee  what  was  contained  in 
it ;  but  I  could  never  perceive  the  leaft  fenfible  Alteration 
to  be  made  in  the  Air,  nor  that  there  was  the  leafl  Drop 
of  Water  made.  Which  there  would  doubtlefs  have 
been,  by  Reafon  of  the  Cold  which  furrounded  the  Bot¬ 
tle,  if  there  really  were  any  fuch  Tranfmutation  of  Ele¬ 
ments  as  fome  Philofophers  imagine. 

9.  The  Reafon  why  Vapours  are  feparated  and  rife  up  9-  WhyVa- 
(as  we  fee  them)  into  the  Air,  is  becaufe  they  dafh  a-  ^T^agriat* 
gainfl  each  other  from  all  Sides,  and  drive  one  another  height, 

all  Ways,  fo  that  they  have  not  Room  enough  to  extend 
themfelves  fo  much,  as  the  Agitation  they  are  in  requires, 
unlefs  they  recede  from  the  Earth,  and  rife  up  into  the 
Air,  where  generally  they  meet  with  lefs  Refiflance 
from  that  Part  of  the  Air  which  is  above  them,  than 
from  the  Bodies  which  are  beneath  or  on  the*  Sides  of 
them. 

10.  Becaufe  the  Parts  of  Water  are  very  eafily  bent,  10.  Why 
therefore  they  cannot  put  the  Bodies  againfl  which  they  Water  haX 
flrike  into  any  great  Agitation,  any  more  than  a  Body  Tap  “aid 
can  be  put  in  Motion,  by  darting  a  Piece  of  Thread  Smell  at 
diredlly  againfl  it ;  whereas  it  might  be  very  fenfibly  mo-  a!l' 

ved  by  flriking  upon  it  with  a  Stick  of  the  fame  Length, 

Thicknefs  and  Weight.  And  this  is  the  Reafon  why 
Water  when  we  drink  it,  flides  along  theTongue,  and  fo 
is  infipid,  and  unable  to  excite  almofl  any  Senfation  of 
Tafle.  And  becaufe  in  Bodies  that  fmell,  thofe  Parts 
which  excite  the  Senfation  of  Smelling  in  us,  are  the  fame 
which  excite  the  Senfation  of  Tafle  when  they  are  applied 
to  the  Tongue  j  it  is  manifefl,  that  Water,  which  cannot 
excite  the  Senfation  of  Tafle,  cannot  for  the  farpe  Rea¬ 
fon  have  any  Smell. 

11.  Their  being  thus  eafy  to  bend,  is  alfo  the  Reafon  it.  why 
why  the  Parts  of  Water  can  enter  into  the  Pores  of  hard  Water  en- 
Bodies,  though  they  be  not  exadlly  flreight,  and  can  al- 

fo  get  out  of  them  again  afterwards.  of  a  great 

12.  But  becaufe  the  Parts  of  Water,  are  of  a  deter-  n£ny  bard 
minate  Bignefs  and  of  a  certain  Figure  ;  therefore  the  Pores  I2C.  ^  it 
mufl  be  of  a  certain  Bignefs  at  leafl  for  them  to  enter  cannot  paft 
in.  Wherefore,  when  we  fee  Water  pafs  through  fome  pT™£k~re 
Bodies,  and  is  contained  in  others,  which  we  are  allured  Bodies  at"** 
from  Reafon  have  Pores  alfo,  it  is  no  more  furprifing,  alU 

than  to  fee  fome  Grain  pafs  through  a  Sieve  where  the 

I  4  Holes 
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Holes  are  large,  and  not  pafs  through  another  where  the 
Holes  are  fmall. 

*3*  A  MiJ-  13.  This  Confideration,  namely,  that  Water  can  eafily 
tgreatejl  'part  Pa^*s  through  fome  Pores,  and  not  at  all  through  others, 
cf  Pbiiofo.  may  ferye  to  undeceiye  thofe  who  think  that  Water  is 
fben  about  one  continued  homogeneous  Body,  without  any  real 
'of  Waul*  Divifion,  and  that  it  is  therefore  liquid  becaufe  it  is 
capable  of  being  divided  all  Ways  and  in  any  Manner. 
For  if  this  were  fo,  there  could  be  no  mathematical 
Point  affigned  in  Water,  but  that  the  Water  could  as  eaT 
fily  be  divided  in  that  Point  as  in  any  other  ;  that  is,  it 
could  very  eafily  be  divided  indefinitely.  Confequently 
Water  might  as  eafily  pafs  through  the  Pores  of  Glafs, 
as  through  thofe  made  by  Grains  of  Sand  when  they 
touch  one  another  ;  which  is  manifeftly  contrary  to  Ex¬ 
perience. 

I  might  here  deduce  many  other  Properties  of  Water 
as  Confequences  of  that  Nature 'which  we  have  afcribed 
to  it,  but  it  will  be  more  convenient  to  fpeak  of  thefe 
in  other  Places  ;  wherefore  I  fliall  now  go  on  to  explain 
the  Nature  of  Salt. 

*  i.,  ~  > 


r.  ‘  „  »  •  '  ♦  .  ‘  j 

CHAP.  IV. 

Of  S  ALT. 


3.0/tb,  TVyT  Y  Defign  here  is  to  treat  principally  of  coipmoji 
Mature  of  J.VA  Salt,  fuch  as  is  made  out  of  Sea- Water  :  And  in 
SaIt*  order  to  our  undemanding  the  Nature  of  it,  and  finding 
out  all  its  Properties,  we  need  no  more  than  to  imagine 
it  to  be  a  M'afs  made  up  of  a  great  Number  of  fmall, 
long  and  ftreight  Parts,  every  one  of  which  is  compofed 
of  the  Matter  of  the  firft  Element,  congealed  and  put 
into  fuch  Form  by  palling  through  the  long  ftreight  Pores, 
which  we  know  are  chiefly  to  be  met  with  in  the  in¬ 
ward  Parts  of  the  Earth.  This  being  fuppofed,  it  will 
explain  all  the  Properties  of  Salt. 
n.WbySalt  2.  And  firft  j'  becaufe  the  Matter  of  the  firft  Element 
it  bard.  is  not  forced  to  bend  it  felf  different  Ways,  nor  to  be 
fo  much  difqnited,'  in  concreting  it  felf,  in  thofe  Pores 
which  are  ptfrfe&ly  ftreight,  as  in  thofe  which  are  crook- 
'  ’*  •  -  '  .  '  -  '  '  ed 
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ed  and  undulating  ;  therefore  there  muft  be  more  Matter 
at  reft,  to  compofe  a  Particle  of  Salt,  than  to  compofe 
a  Particle  of  Water,  and  confequently  the  Parts  of  Salt 
muft  be  more  folid,  and  harder  to  bend  than  the  Parts  of 
Water.  Wherefore  fince  the  Parts  of  Water  do  fome- 
times  refift  the  Force  of  the  fecond  Element  fo  much, 
as  to  continue  at  reft,  with  refpe£t  to  each  other,  and 
fo  compofe  a  hard  Body  ;  this  Property  ought,  with  ftill 
greater  Reafon,  to  be  found  in  the  Parts  of  Salt. 

3.  The  fame  Argument  which  proves  Salt  to  be  hard, 
does  alfo  prove  that  every  one  of  its  Parts  is  heavier  than 
thofe  which  compofe  Water  ;  It  is  alfo  certain,  that 
larger  Pieces  of  Salt,  ought  to  be  heavier  than  an  equal 
Quantity  of  Water;  becaufe  the  Parts  of  which  thefe 
Pieces  are  compofed,  are  of  fuch  a  Figure  as  will  permit 
them  to  be  more  clofely  united  together,  fo  as  to  con¬ 
tain  more  terreftrial  Matter,  than  there  is  in  equal  Quan¬ 
tities  of  Water.  It  is  therefore  no  wonder  that  Salt  finks 
to  the  Bottom  jn  Water.  But  if  it  be  diflolved,  that  is, 
divided, into  its  component  Particles  ;  we  fee  that  it  fwims 
in  the  Water,  and  does  not  precipitate  to  the  Bottom ; 
which  Effect  ought  not  to  be  afcribed  to  the  Smallnefs 
of  its  Parts,  but  to  the  Nature  of  the  Liquid  Body  in 
which  it  fwims ;  which  is  of  fuch  a  Sort,  that  its  Parts, 
by  eafily  mixing  with,  and  entangling  the  Parts  of  the 
Salt,  and  moving  all  Ways  indifferently,  bring  them  up 
along  with  them,  in  great  Numbers,  as  readily  as  they 

4.  Pure 

thefe  things  ihew  that  Salts  are  dry 
Earth  and  watry  Acid  united  by 
Attra&ion,  and  that  the  Earth 
will  not  become  a  Salt  without  fo 
much  Acid  as  makes  it  diffolvable 

in  Water  ? - As  Gravity  makes 

the  Sea  flow  round  the  denfer  and 
we:ghtier  Parts  of  the  Globe  of 
the  Earth,  fo  the  Attra&ionmay 
make  the  watry  Acid  flow  round 
the  denfer  and  comparer  Particles 
of  Earth  for  compoling  the  Parti¬ 
cles  of  Salt.  For  otheiwife  the 
Acid  would  not  do  the  Office  of  ® 
Medium  between  the  Earth  ar.d 
common  Water,  for  making  Salts 
d  flolvable  in  the  Water  $  nor 
would  Salt  of  Tartar  readily  draw 
eft  the  Acid  from  diflolved  Me¬ 
tals,  nor  Metals  the  Ac  d  from 

*  Mercury* 


.fall  down.  (1) 


(I)  The  Nature  and  Properties  of 
Salt  are  more  clearly  and  fully  ex¬ 
plained  by  the  incomparable  Sir 
Jfaac  Newton  in  the  following 
Manner.  «  When  Mercury  fubli- 
f  mate,  is  refubljmed  with  frefh 
‘  Mercury,  and  becomes  Mercurius 

*  dulcis,  which  is  a  white  taftelefs 

*  Earth  fcarce  diffolvable  in  Water, 

*  and  Mercurius  dulcis  refublimed 

*  with  Spirit  of  Salt,  returns  into 
‘  Mercury  fublimate  j  and  when  Me- 

*  tals  corroded  with  a  little  Acid 

*  lurn  into  Ruft,  which  is  an  Earth 

*  taftelefs  and  indiffbivable  in  Wa* 
'  ter,  and  this  Earth  imbibed  with 

*  more  Acid  becomes  a  metallick 

*  Salt ;  and  when  feme  Stones,  as 

*  Spar  of  Lead,  diflolved  in  proper 

*  Mtrftru  ums  become  Saits j  do  not 


3.  JVhy  it 
is  heavier 
than  Water, 
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erifes  its 
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4.  Pure  Air  is  compofed  of  Particles  too  fine  to  agitate 
the  Parts  of  Salt  againft  which  they  flrike,  they  are  ra¬ 
ther  refle&ed  back  again  with  their  whole  Motion. 
Wherefore  when  we  fee  Salt  melt  in  the  Air,  we  ought 
rather  toafcribe  it  to  the  Parts  of  Water  which  fly  about 
in  the  Air  in  the  Form  of  Vapour,  than  to  the  Parts  of 
Air  themfelves  ;  for  we  ob ferve  that  the  Weather  is  al¬ 
ways  moift  when  the  Salts  melt. 

5.  The  Particles  of  Salt  can  eafier  move  with  their 
Points  forward,  than  obliquely,  becaufe  th ey  are  long  and 
ftreight :  And  becaufe  they  are  inflexible  alfo,  they  have 
the  more  Force  to  fhake  the  fmall  Capillaments  of  the 
Nerves  of  the  Tongue,  and  thereby  excite  the  Senfation 
of  a  fharp  Tafte. 


4  Mercury k  Now  as  in  the  great 

*  Globe  of  the  Earth  and  Sea,  the 
4  denfeft  Bodies  by  their  Gravity  link 
4  down  in  Water,  and  always  er>~ 

*  deavour  to  go  towards  the  Center 
4  of  the  Globe  5  fo  in  Particles  of 
4  Salt,  the  denieft  Matter  may  al- 
4  ways  endeavour  to  approach  the 
4  Center  of  the  Particle.  So  that 
4  a  Particle  of  Salt  may  be  com- 
4  pared  to  a  Chaos,  being  denfe, 
4  hard,  dry  and  earthy  in  the  Cen~ 
4  ter  $  and  rare,  loft,  moift  and 
4  watry  in  the  Circumference.  And 
4  hence  it  leems  to  be,  that  Salts  are 
4  of  a  lafting  Nature,  being  fcarce 
4  deftroyed,  unlefs  by  drawing  away 
4  their  watry  Parts  by  Violence,  or 
4  by  letting  them  foak  into  the  Pores 
4  of  the  central  Earth,  by  a  gentle 
4  Heat  in  Putrefaction,  until  the 
4  Earth  be  diflblved  by  the  Water, 
4  and  fcparated  into  fmallei  Particles, 
4  which  by  Reafon  of  their  Small' 
4  nefs,  make  the  rotten  Compound 
4  appear  of  a  black  Colour. 

4  If  a  very  fmall  Quantity  of  any 
4  Salt  or  Vitriol  be  diftblved  in  a 
4  great Qtaantity  of  Water,  the  Par- 
4  tides  of  the  Salt  or  Vitriol  wrll 
4  not  fink  to  the  Bottom,  though 
4  they  be  heavier  in  Specie  than 
4  the  Water,  but  will  evenly  diffufe 
4  themfelves  into  all  the  Water, 
4  fo  as  to  make  it  asfaline  at  the 
4  Top  as  at  the  Bottom.  And  does 
f  not  this  imply  that  the  Parts  6/ 


4  the  Salt  or  Vitriol  recede  from  one 
4  another,  and  endeavour  to  expand 
4  themfelves,  and  get  as  far  afunder 
4  as  the  Quantity  of  Water,  in 
4  which  they  float  will  allow  ?  And 
4  does  not  this  Endeavour  imply  that 
4  they  have  a  repuifive  Force  by 
4  which  they  fly  from  one  another, 
4  or  at  leaft,  that  they  attrad  the 
4  Water  more  ftrongly  than  they  do 
4  one  another  ?  For  as  all  things  af- 
4  cend  in  Water  which  are  lefs  at» 
4  traded  than  Water,  by  the  gra- 
4  vitating  Power  of  the  Earth  $  fo 
4  all  the  Particles  of  the  Salt  which 
4  float  in  Water,  and  are  lefs  attrac- 
4  ted  than  Water  by  any  one  Par- 
4  tide  of  Salt,  nauft  recede  from 
4  that  Particle,  and  give  way  to  the 
4  more  attraded  Water. 

4  When  any  faline  Liquor  is  eva- 
4  porated  to  a  Cuticle  and  let  cool, 
4  the  Salt  concretes  in  regular  Fi- 
4  gures  ;  which  argues,  that  the  Par- 
4  tides  of  the  Salt  before  they  con- 
4  creted ,  floated  in  the  Liquor  at  e- 
4  qual  Diftances  in  rank  and  file", 

4  and  by  Confequence  that  they  ac» 
4  ted  upon  one  another  by  fome 
4  Power  which  at  equal  Diftances  i§ 
4  equal,  at  unequal  Diftances  une- 
4  qual.  For  fey  fuch  a  Power  they 
4  will  range  themfelves  uniformly, 

4  and  without  it  they  will  float  irre- 
4  gularly,  and  come  together  as  ir- 
4  regularly.’  iVrwf.  Opt.  pag.  362. 


f 
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6.  This  Figure  added  to  their  StifFnefs,  makes  them  6.  Wherein 
capable  of  entring  into  the  Pores  of  Flefti-meat,  and  Cyffu*e 
hindering  it  from  being  corrupted  ;  for  they  get  into  the  keep  and 
Place  of  an  equal  Quantity  .  of  finer  Matter  which  they  bardenFhJb * 
drive  out,  the  Agitation  of  which  might  have  caufed  the 

other  Parts  to  have  Separated  from  each  other.  Further, 
by  flicking  amongft  the  Parts  of  the  Flefli  like  fo  many 
firong  ftiff  Wedges,  they  hinder  the  more  flexible  Parts 
which  are  amongft  them,  from  being  agitated  and  diftur- 
bed ;  and  this  is  the  Reafon  why  they  keep  Flefli  from 
corrupting,  and  why  in  length  of  Time  it  grows  hard. 

7.  When  Salt  is  diffolved  in  Water,  the  Parts  of  the  7.  Why  fait 
Water  have  an  Opportunity  of  moving  round  about  the  *fat*r  ts 
Salt,  and  being  always  bent  in  the  fame  manner,  they  ffuf/tlan 
can  very  commodioufly  pafs  out  of  one  Part  into  another ;  frcjb  Water* 
whereas,  when  the  Parts  of  Water  are  not  mixed  with 
thofeof  Salt,  they  are  forced  to  bend  and  unbend  them- 

felves  continually  all  Sorts  of  Ways,  which  takes  off  fome 
of  the  Force,  which  the  Matter  of  the  fecond  Element 
agitates  them  with;  fo  that  there  remains  lefs  Force  to 
move  the  Parts  of  Water  alone,  than  to  move  them 
when  they  are  mixed  with  thofe  of  Salt ;  whence  it  foF 
lows,  that  frefli  Water  is  more  apt  to  lofe  its  Motion, 
or  to  be  turned  into  Ice  than  fait  Water. 

8.  If  we  confider  that  the  Reafon  why  Water  is  tranf-  Why 
parent,  is,  becaufe  the  Matter  of  the  fecond  Element, 
which  is  in  the  Pores  of  it,  tranfmits  the  Adfion  of 
luminous  Bodies  through  it,  we  {hall  have  Reafon  to 
conclude,  that  Salt-Water  ought  to  be  more  tranfparent 

than  frefli  Water,  becaufe  the  Matter  of  the  fecond  E- 
lement  which  is  in  the  Pores  of  Salt-Water,  keeps  it  felf 
in  greater  Motion  than  that  which  is  in  the  Pores  of 
frefli  Water,  and  confequently  is  more  capable  of  trans¬ 
mitting  the  Adfion  of  luminous  Bodies. 

9.  It  is  generally  looked  upon  as  a  Surprizing  Thing  9.  a  fecret 
to  fee,  that  if  in  a  warm  Place,  pretty  nearly  an  equal t0 freeze 
Quantity  of  Salt  and  Snow  or  beaten  Ice  be  mixed  to- 
gether,  and  laid  round  about  a  Glafs  full  of  Water,  the 

W ater  in  the  Glafs  will  freeze  in  Proportion  as  the  Salt 
and  Snow  melt :  But  we  fliall  eafily  comprehend  the 
Reafon  of  this,  and  fo  ceafe  to  wonder,  if  we  confider  ; 
that  in  what  manner  Soever  the  Water  be  frozen,  whe¬ 
ther  it  appears  in  the  Form  of  Ice  or  in  the  Form  of 
Snow ;  the  Matter  of  the  Second  Element  which  is  in  the 
Pores  of  it,  muft  be  more  Subtle  or  lefs  agitated,  than  . 

that 
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that  which  is  in  the  Pores  of  common  Water  (otherwife 
the  Ice  or  Snow  would  continue  liquid  ftill.)  On  the 
contrary,  if  the  Air  be  temperate,  (as  we  now  fuppofe 
it  to  be)  the  Matter  of  the  fecond  Element,  which  is  in 
the  Pores  of  the  Air  and  of  the  Water  contained  in  the 
Glafs,  muft  be  lefs  fubtle  and  more  agitated,  than  that 
which  is  in  the  Pores’  of  the  Snow  or  Ice :  Now  becaufe 
the  fubtle  Matter  which  is  in  the  Glafs,  has  4  continual 
Tendency  to  pafs  from  one  Place  to  another,  and  chiefly 
to  a  Place  where  it  can  move  it  fejf  with  greater  Free¬ 
dom  ;  it  follows,  that  it  muft  really  pafs  into  the  Pores 
of  the  Salt  and  Snow  which  are  melting,  where  it  can 
eafier  move  than  in  the  Pores  of  the  Water  contained  in 
the  Glafs  ;  and  at  the  fame  time,  m  equal  Quantity  of 
more  fubtle  and  lefs  agitated  Matter  which  before  was  in 
the  Snow  or  Ice,  muft  enter  into  the  Glafs,  in  order  to 
fucceed  and  take  the  Place  of  that  which  is  gone  out  pf 
it  ;  which  not  having  Force  fufficienf:  to  put  the  parts 
of  the  frefh  Water  which  is  in  the  Glafs  into  Motion, 
it  cannot  prevent  their  own  Gravity  from  flopping  them 
one  againft  another,  nor  confequently  from  becoming  a, 
hard  Body,  that  is,  ( 1 )  they  muft  freeze. 

10.  The  Chymifts  fay,  that  Salt  is  a  very  fixed  Bo¬ 
dy,  becaufe  they  find  by  Experiments,  that  it  is  with 
great  Difficulty  that  it  is  made  to  evaporate  ;  the  Reafon 
of  which  may  be  colle&ed  from  that  Nature  which  we 
have  afcribed  to  it :  For  befides  that  it  is  heavier  than 
Water,  it  is  certain,  that  it  muft  be  very  difficult  for  it 
to  rife  up  by  turning  found  as  the  Parts  of  Water  dp 
when  they  afcend  in  Vapours  ;  becaufe  thp  StifFnpfs  of 
the  Parts  of  Salt,  when  they  dafh  one  againft  another, 
area  Hindrance  to  this  Sort  of  Motion,  '  So  that  they 
can  hardly  afcend  at  all,  except  it  be  with  their  Points 
upwards  ;  now  becaufe  in  this  Pofition,  every  Part  has 
one  End  turned  towards  the  Earth,  their  own  Weight 
muft  make  them  defcend  with  greater  Force,  than  the 
little  fubtle  Matter  which  is  applied  to  the  Points  of 
them,  can  make  them  afcend. 

11.  When 

(l)  7 bey  muji  fretxe,  &c.)  The  Sal  Ammonia ck  5s  by  far  the  beft  of 
Experiment  will  fucceed  at  welt,  if  all.  See  the  Experiments  of  the  A‘ 
jnftead  of  comm  n  Salt,  you  nuke  cad.  del  C  mento,  pag.  too.  and  the 
ufe  of  Nitre,  diftili’d  Liquors,  Su-  Notts  on  Part  1.  Chap.  23.  Art . 
jar,  or  any  fuih  iike  Booies  j  but  48  and  54, 
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11.  When  the  Parts  of  Salt  then  are  feparated  from  **•  HoW  '* 
thofe  of  the  Water,  it  muft  be  a  very  extraordinary  ”ffc  Metalt. 
Force,  fuch  as  we  find  by  Experience  there  is  in  Flames, 

that  can  keep  them  in  Motion,  and  make  it  appear  to  us 
in  the  Form  of  a  Liquor  j  now  if  the  Salt  be  added  to 
that  Matter  which  ufes  to  nourifh  Flame,  the  Solidity  of 
the  Salt  will  make  that  Matter  ftill  more  powerful,  and 
capable  of  diffolving  Bodies  which  can  commonly  bear 
the  Fire,  fuch  as  the  greatefl  part  of  Metals  are :  And 
this  is  the  Reafon  why  Workmen  make  ufe  of  Salt  to 
help  the  Fire  to  diflolve  Metals. 

12.  Becaufe  the  Parts  of  Salt  are  not  limber  and  eafy  1*.  Why 
to  be  bent  like  thofe  of  Water,  it  is  eafy  to  apprehend, 

that  if  a  Mixture  of  them  endeavour  to  enter  into  very  into  the *  * 

(lender  crooked  Pores,  the  Particles  of  Water  only  will  Pores  of 

be  able  to  enter  in,  and  thofe  of  the  Salt  will  be  detained  fome  Bod,tu 

and  ftick  in  the  bending  Paflages  :  And  thus  we  fee  that 

Sea- Water  in  palling  through  a  good  deal  of  Sand,  will 

lofe  its  Saltnefs  gradually,  and  become  quite  frefh  at 

laft. 

13.  The  fame  Stiffnefs  which  hinders  the  Parts  of  Salt  'I'Wby  it 
from  penetrating  very  far  into  the  winding  narrow  Pores  ^et  *' 
of  fome  Bodies,  is  alfo  the  Reafon  why,  when  they  are  tbe  Pores  ic 
once  entangled  in  them,  it  is  with  great  Difficulty  that  n  once  en~ 
they  can  get  out :  Chymifts  therefore  are  forced  to  reduce  ****  w‘ 
Plants  to  Allies  before  they  can  draw  out  the  Salt,  by 

that  Means  opening  the  little  Prifons  where  each  Particle 
is  detained. 

14.  Salt  then  being  of  fuch  a  Nature  as  we  have  de-  0 

fcribed,  it  is  not  at  all  ftrange  that  when  the  Waters  of  tfe  Sea”^ 
the  Sea  are  violently  agitated  in  a  very  hot  Seafon,  its  Jhineswben 
Waves  Ihould  (1)  throw  out  an  infinite  Number  °f 

Sparks  in  the  Night  into  the  Air.  For  we  ought  to  con-  don. 
fider,  that  thefe  Waves  muft  difperfe  a  great  many  Drops 
about  in  the  Air,  which  divide  themfelves  into  ftill  fmaller 
Drops  ;  and  that  fome  of  the  Particles  of  the  Salt,  which 
are  the  moft  folid  and  moft  agitated,  may  then  difengage 


(l)  Throw  out  infinitt Number  of 
Sparks,  &c.)  The  following  Query 
of  Sir  Ifaac  Newton's  is  very  well 
worth  confidering  in  this  Place. 
Do  not,  fays  he,  all  fixed  Bodiest 
ivben  heated  beyond  a  certain  Degree, 
emit  Light  and  fioine?  And  is  not 
this  Emifiion  performed  by  tbe  vibra¬ 
ting  Motions  of  their  Barts  ?  And 
do  not  all  Bodies  which  abound  with 


ttrrefirial  Partly  and  if peci ally  with 
fulpbureous  ones,  emit  Light,  os  often 
as  thofe  Parts  are  fujficiently  agita¬ 
ted,  whether  that  Agitation  be  made 
by  Heat,  or  by  FriBion,  or  Percuf- 
fion,  or  PutrefaElion ,  or  by  any  vi¬ 
tal  Motion ,  or  any  other  Caufe  f  As 
for  ir, fiance',  Sea-Water  in-  a  raging 
Storm,  &c.  Opt.  pag.  314. 


themfelves 
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themfelves  from  the  Parts  of  the  Water,  and  dart  them- 
felves  into  the  Air  with  their  Points  forward,  in  fuch  a 
manner  as  to  be  furrounded  only  by  the  Matter  of  the 
firft  Element,  which  may  communicate  a  Force  to  them 
fufficient  to  impell  the  fecond  Element,  and  fo  produce 

Light.  •  •'  •'  ‘  §H 

15.  However,  in  order  to  produce  this  EfFedf,  it  is 
necelTary  that  the  Parts  of  the  Salt  jfhould  be  very  fmooth 
and  flippery  ;  wherefore  Sea-Water  which  has  been  kept 
a  long  time,  and  Brine  whofe  Parts  are  covered  with 
Dirt  as  it  were  rufty,  are  no  Ways  proper  to  produce 
thefe  Sparks. 

16.  It  is  further  necelTary,  that  the  Parts  of  frefh 
Water,  which  are  rolled  about  the  Particles  of  Salt, 
fhould  be  extremely  pliable,  fo  as  to  be  able  to  unfold 
themfelves  very  eafily,  and  give  the  Particles  of  Salt  li¬ 
berty  to  difengage  themfelves ;  now  this  can  never  be 
but  only  in  the  greateft  Heat  of  the  Summer  j  and  there¬ 
fore  we  ordinarily  fee  fuch  Sparks  in  that  Seafon  only. 

17.  Laftly,  it  is  evident,  that  in  order  to  this,  the 
Agitation  mull  be  very  violent,  and  the  Parts  of  the  Salt 
mull  move  with  their  Points  forward,  that  they  may 
the  more  eafily  difengage  themfelves  from  the  Drops  of 
Water  ;  and  this  is  the  Reafon  why  the  Sparks  do  not 
come  from  all  the  Waves,  nor  from  every  Drop  of  the 
fame  Wave. 

18.  If  this  Phaenomenon  have  appeared  furprifingto  a 
great  many,  the  Confideration  of  the  Formation  of  Salt 
on  the  Coall  of  France ,  will  appear  no  lefs  wonderful. 
They  who  make  Salt,  chufe  fome  very  low  Place  to  do 
it  in,  which  the  Sea  would  overflow  when  it  is  high  W a- 
ter,  if  it  were  not  kept  out  by  a  Bank.  When  the  Wa¬ 
ter  in  the  Sea  is  very  high,  they  open  Sluices,  by  which 
they  let  the  Salt  Water  into  their  Pans  or  Ponds,  which 
they  fill,  and  then  fhut  up  the  Sluices.  This  Water  is 
kept  fome  Time  in  the  Pans,  that  Part  of  it  may  (eva¬ 
porate  and  that  which  remains  become  falter ;  then  they 
let  go  this  Water  into  little  Channels  like  the  narrow 
Walks  in  our  Gardens,  the  Bottom  of  which  is  done 
with  Clay,  that  the  Water  may  not  fink  into  it.  All 
this  is  done  in  the  Summer,  that  the  frefti  Water  may 
evaporate  inceflantly  \  and  as  it  evaporates,  the  Grains 
of  Salt  form  themfelves  upon  the  Top  of  that  Water  , 
which  remains  in  the  Channels.  Thefe  Grains  are  all- 
of  the  lame  Figure,  which  is  pretty  nearly  cubical,  ex¬ 
cept  that  the  upper  Square  is  a  little  bigger  than  the 

.  .  .  ...  bottom 
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bottom  one,  and  the  four  Sides  tending  to  Trapeziums 
a  little  convex  ;  the  upper  Square  being  for  the  moll  part  a 
little  concave  in  the  Middle.  When  the  firfl:  Grains  are 
formed  entirely  and  come  to  a  certain  Bignefs,  they  fink 
down  to  the  Bottom,  and  then  new  ones  are  formed,  and 
fo  on  till  all  the  Water  is  gone ;  and  then  the  Salt  is 
heaped  up,  and  more  made  in  the  fame  manner. 

IQ.  In  order  to  explain  what  is  molt  remarkable  in  T9-  H°v> 
this  Account,  we  muft  confider,  that  though  the  Salt  s*jt 
does  not  afcend  up  in  Vapours,  yet  it  cannot  be  denied  engage  them- 
but  that  fome  of  its  Parts  are  dragged  up  by  the  Parts  felves  from 
of  the  frefh  Water  which  the  Heat  makes  to  fly  up  into  ^  yyatlrl 
the  Air,  fo  as  to  rife  about  two  Fingers  Breadth  along 
with  them  into  the  Air ;  after  which,  being  loofened  from 
the  Parts  of  the  frefli  Water  which  quit  themfelves  and 
fly  from  them,  they  fall  down  by  their  own  Weight. 

And  that  this  is  fo,  is  very  evident  from  hence,  that  if 
fome  Rods  be  placed  at  this  Height  over  the  Salt-Water 
which  is  evaporating,  the  Salt  will  gather  round  them 
like  Ice,  which  it  will  not  do  if  the  Rods  be  placed  a 
little  higher.  Thefe  fmall  Particles  of  Salt  which  fall 
back  thus  upon  the  Water,  fwim  upon  its  Surface,  for 
the  fame  Reafon  that  we  formerly  faid  fmall  Steel  Needles 
fwam  in  like  Manner.  So  that  they  do  not  fink  into  the  Tab.  xiv« 
Water  at  all,  but  only  bend  its  Surface  a  little  in,  and  FlS*  5* 
make  a  fmall  Cavity,  at  the  Bottom  of  which  they  re¬ 
main  furrounded  with  a  little  Ditch  ;  and  whilft  there  is 
but  a  few  of  them  upon  the  Surface  of  the  Water,  they 
difperfe  themfelves  to  a  good  Diftance  from  each  other, 
without  any  order,  as  they  are  reprefented  in  A. 

.  20.  But  when  there  comes  to  be  a  great  Number  of  2Q  HoWt 
them,  thofe  that  fall  upon  the  Surface  of  the  Water  af-  * by  place 
terwards,  muft  neceffarily  fall  upon  the  Sides  of  thofe  lit-  ^bf^decf 
tie  Ditches  which  were  made  by  them  that  fell  firfl:,  and  each  other 
fo  flip  down  to  the  Bottom  of  thefe  Ditches,  and  place  uPon 
themfelves  by  the  Sides  of  the  firfl  Particles,  as  you  fee  Water 
them  reprefented  in  B  ;  in  the  fame  manner  as  fmall  Steel  Tab.  xiv*. 
Needles  will  do  when  they  fwim  upon  the  Water  3  for  Fis-  5« 
as  foon  as  any  two  of  them,  come  pretty  near  one  ano¬ 
ther,  they  immediately  place  themfelves  by  each  other’s 
Side. 


21.  The  Particles  of  the  Salt  ought  to  continue  to  range 
themfelves  in  this  manner,  till  there  is  a  fuflicient  Quan¬ 
tity  of  them  to  compofe  a  little  Square  ;  but  when  this 
Square  is  formed,  then  the  Hollow  made  in  the  Superfi¬ 
cies,  of  the  Water  being  every  whereof  an  equal  Depth, 

there 


21.  Why 
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Tab.  XlV, 
Fl'g-  5’ 
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there  is  no  Reafon  why  the  new  Parts  of  Salt,  fhould 
place  themfelves  at  the  Sides  rather  than  at  the  Ends  of 
the  old  ones ;  fo  that  they  will  really  range  themfelves 
at  both  the  Sides  and  at  the  Ends,  and  fo  form  themfelves 
into  a  fort  of  a  Crofs,  as  you  fee  reprefented  at  C. 

22.  Further,  becaufe  the  Cavity  which  is  now  made 
by  thefe  laft  Particles  of  Salt,  is  a  little  deeper  where 
the  four  Angles  enter  into  the  Crofs,  than  any  where 
elfe,  becaufe  thefe  Places  are  fomewhat  nearer  the  Mid¬ 
dle  than  the  reft ;  therefore  if  there  come  any  new  Par¬ 
ticles,  they  muft  flip  into  thefe  Places,  and  difpofe  them¬ 
felves  as  they  are  reprefented  at  D. 

23.  After  a  great  Number  of  Particles  are  united  to¬ 
gether  in  this  manner,  their  Weight  then  becomes  fuffi- 
cient  to  make  the  Hollow  of  the  Water  pretty  deep,  and 
the  Declivity  of  its  Sides  very  fenfible.  The  Particles 
therefore  which  fall  afterwards,  muft  tumble  upon  the 
Particles  of  the  lower  Order,  and  range  themfelves  upon 
them,  in  the  fame  manner  as  they  ranged  themfelves  at 
firft.  And  by  thus  ranging  themfelves  one  upon  another, 
they  will  become  of  the  Thicknefs  of  a  Grain  of  Salt, 
the  Breadth  of  which  will  be  larger  as  it  grows  thicker, 
becaufe  the  fuperiour  Order  is  always  compofed  of  a 
greater  Number  of  Particles  than  the  inferiour  Order. 

24.  However,  we  are  not  to  think  that  a  Grain  can 
become  of  any  fenfible  Bignefs,  till  a  great  Number  of 
thefe  Orders  of  Particles  like  Leaves,  are  laid  one  upon 
another ;  and  then,  becaufe  the  Length  of  the  Sides  of' 
each  Leaf  is  very  much  increafed,  a  great  many  of 
thefe  Particles  place  themfelves  at  the  End  of  each  o- 
ther,  and  fo  join  themfelves  to  the  firft.  And  becaufe 
thofe  Places  of  the  Cavity  which  each  Grain  of  Salt 
makes  upon  the  Surface  of  the  Water,  are  deeper  the 
nearer  they  are  to  the  Middle,  and  becaufe  the  Parti¬ 
cles  of  Salt  always  defcend  as  low  as  they  can ;  it  follows, 
that  a  great  many  more  of  thefe  Particles  will  place  them¬ 
felves  in  the  Place  E  than  in  the  Place  F  of  the  Sides  of 
the  foregoing  Leaves ;  and  this  will  caufe  the  Leaves 
thus  formed  to  be  perfectly  Square. 

25.  And  becaufe  the  Leaves  become  at  laft  of  a  fen¬ 
fible  Breadth,  and  their  Superficies  fo  rough  and  unequal 
as  not  to  permit  the  Particles  of  Salt,  which  fall  after¬ 
wards  to  roll  upon  them  without  great  Difficulty  ;  there^ 
fore  thofe  Particles  which  compofe  the  laft  Leaves,  which 
are  upon  the  Top  of  the  Grain,  cannot  get  to  the  middle, 

which 
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which  is  for  that  Reafon  hollow  in  every  Leaf}  and 
that  makes  the  Top  of  each  Grain  hollow,  and  caufes 
them  alfo  to  fwim  fo  much  the  longer  Time  and  the  . 
more  eafily  upon  the  Water  ;  And  becaufe  they  will  not 
fink  fo  foon  by  their  own  Weight  as  they  would  do  if 
there  were  no  Cavity  in  them,  there  is  the  more  Oppor¬ 
tunity  for  new  Particles  to  join  themfelves  to  the  old 
ones,  and  fo  confiderably  to  increafe  the  Bignefs  of  the 
Grains. 

26.  At  laft  the  Weight  of  the  Grain  becomes  fo  great  Bm 
as  to  make  it  fink  to  the  Bottom  of  the  Water,  which  hap- 

pens  fo  much  the  fooner  as  the  Heat  is  greater  ;  becaufe  be 
the  Agitation  of  the  Parts  of  the  Water,  makes  it  the /«*//. 
eafier  to  give  way.  And  this  Heat  may  be  fo  great,  that 
the  Bignefs  of  the  Grains  may  be  fcarce  fenfible,  when 
they  fink  to  the  Bottom  of  the  Water,  fo  that  the  Salt 
taken  from  thence  may  be  like  Powder  or  beaten  Salt* 

27.  From  the  Manner  in  which  we  have  faid  that  t7,  Why 
Grains  of  Salt  are  formed,  we  may  collea,  that  they 
ought  to  be  more  brittle  at  the  Comers  than  any  where  eafier  £ 
elfe,  becaufe  the  Parts  of  the  Salt  are  not  fo  regularly  broken  at  the 
ranged  at  thefe  Corners  >  and  hence  it  is  alfo  that  they 

are  very  blunt. 

28.  Further,  it  is  eafy  to  conceive  that  feme  Parts  of  Why 
the  freih  Water  may  be  entangled  amongft  the  Particles 

of  Salt  of  which  the  Grains  are  compounded,  and  fo  fhrmn  iff(9 
ftreightned  that  they  cannot  be  turned  round  without  be-  the  Fire, 
ing  folded  up.  And  if  an  extraordinary  Heat  fnould  at 
any  Time  give  them  a  fufficient  Force  to  unfold  them- 
felves,  they  muft  do  it  by  breaking  their  littlePrnon  with 
a  Node;  which  is  the  Reafon  why  Grains  of  Salt  crackle 
when  they  are  thrown  into  the  Fire.  And  this  is  con¬ 
firmed  from  hence}  that  if  thefe  Grains  be  very  ory,  that 
is,  have  no  Particles  of  Water  among  ft  them  }  or  if  they 
be  bruifed  and  reduced  to  a  very  fine  Powder,  they  will 
then  make  no  Noife,  or  they  will  lofe  the  Property  of 
crackling. 

29.  The  Particles  of  Water  which  are  commonly  con-  %$,  Why  it 
tained  amongft  thofe  of  Salt,  help  to  make  it  melt  the 

more  eafily  when  it  is  put  into  the  Middle  of  a  great  F  ire 
in  a  Crucible.  So  we  fee  that  the  Salt  called  by  the 
Chymifts  decrepitated  Salt ,  which  has  bit  all  tbs  Water 
contained  in  it,  is  very  difficult  to  melt. 


Vox,  II, 
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30.  Becaufe  the  Parts  of  the  Salt  are  fo  folid  as  to 
refill:  the  A&ion  of  the  fecond  Element  ;  it  follows, 
that  the  fmall  Globules  of  it,  (by  Means  of  which,  we 
before  faid,  the  A&ion  of  luminous  Bodies  was  extend¬ 
ed  to  fo  great  a  Diftance)  muft  pafs  quite  through,  or 
elfe  be  reflected,  without  any  Diminution  of  their  Mo¬ 
tion  ;  the  Grains  therefore  muft  appear  either  tranfpa- 
rent  or  white.  And  becaufe  thefe  Parts  are  alfo  very 
fixed,  it  follows  likewife,  that  they  muft  be  very  difficult 
to  be  exhaled  ;  fo  that  Salt  ought  not  to  have  any  Smell. 
If  the  contrary  to  this  be  found  by  Experience,  in  that 
moft  Salt  is  Grey,  and  that  Salt  when  it  is  frelh  made, 
fmells  fomething  like  a  Violet ;  this  does  not  diminilh  the 
Force  of  our  Reafoning ;  becaufe  this  Colour  and  Smell 
arife  from  the  Mixture  and  Difpofition  of  foreign  Parti¬ 
cles  which  get  in  and  go  along  with  the  firft  Particles  of 
the  Salt  as  the  Grains  are  forming. 

31.  And  Experience  fully  fhows  this  to  be  fo.  For 
if  grey  Salt  be  melted  in  frefh  Water  and  ftrained,  and 
then  laid  in  the  open  Air  when  it  is  warm  and  clear,  that 
the  Grains  may  be  new  formed  again  ;  they  will  lofe  both 
the  Colour  and  the  Smell  which  they  had  before. 

32.  The  foreign  Particles  which  mix  themfelves  with 
the  Particles  of  Salt,  being  different  upon  the  different 
Coafts  where  Salt  is  made,  is  the  Caufe  of  the  peculiar 
Properties  which  we  find  to  be  in  the  Salts  of  different 
Coafts.  And  therefore  it  is  no  Wonder  that  the  Salt 
made  upon  the  Coaft  of  France  may  be  of  ufe  for  foma 
Purpofes,  which  that  made  upon  the  Coaft  of  Spain  is 
not  at  all  proper  for. 

33.  Laftly,  It  is  in  the  Sea  that  Salt  ought  chiefly  to  be 
found  ;  For  though  there  is  a  great  deal  of  it  formed  in 
the  Bowels  of  the  Earth,  and  alfo  in  Places  that  are  at  a 
great  Diftance  from  the  Sea  ;  yet  becaufe  its  own  Weight 
makes  it  always  tend  towards  the  Bottom,  and  it  is  ma¬ 
ny  Times  carried  down  by  that  Means  ;  after  it  is  funk, 
the  Veins  of  Water  which  difeharge  themfelves  into  the 
Sea,  loofen  it  and  carry  it  along  with  them. 

34.  I  fhall  only  juft  mention  in  this  Place,  that  it  was 
a  great  Miftake  in  Arijiotle  to  affert,  that  the  Saltnefs  of 
the  Sea  depends  upon  its  Waters  being  heated  by  the  Rays 
of  the  Sun,  for  we  do  not  find  by  Experience,  that  the 
Heat  of  the  Sun  or  even  that  of  Flame,  will  convert  freffi 
Water  into  Salt  Water,” 


35.  That 
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35.  That  which  Teems  in  Tome  Meafure  to  favour  3  *>*Why 
this  Miftake,  is,  that  roaft  Meat  is  more  favory,  and  ZZfi  finely9 
taftes  moft  of  Sait  in  thofe  Places  which  are  moil  expo-  on  tbi  out- 
fed  to  the  Fire.  And  alfo,  that  the  Water  in  the  Ocean M** 

is  more  Salt  in  the  Torrid  Zone,  where  the  Sun  diffufes 
more  of  its  Heat,  than  in  thofe  Places  which  are  near  the 
Poles.  As  to  Meat;  it  is  a  known  Thing,  and  allow¬ 
ed  by  all  Chymes,  that  there  is  no  Flefh  but  has  Tome 
Salt  in  it,  which  is  pretty  equally  diffufed  through  all  its 
Parts.  Now  when  the  Meat  is  put  in  Agitation  by  the 
Heat  of  the  Fire,  fome  of  its  Particles  are  driven  towards 
the  Superficies,  and  are  alfo  exhaled  along  with  the  more 
liquid  Parts,  which  caufe  that  Smoke  which  we  fee  rife  out 
of  the  Meat  when  it  is  roafting ;  and  becaufe  the  infipid 
Particles  only  can  afcend  to  any  great  Height,  or  Di- 
ftance  ;  the  Particles  of  Salt  can  hardly  get  above  two  or 
three  Inches  from  the  Meat,  before  they  will  defcend 
by  their  own  Weight,  and  fall  back  upon  its  Superficies. 

And  this  is  it  that  makes  thofe  Places  tafte  fo  quick  and 
ftrong  as  we  find  they  do. 

36.  And  as  to  the  Difference  obferved  between  the  36*  Whf  (,h' 
Saltnefs  of  the  Water  of  the  Sea  between  the  two  T ro-  Yawiltthe 
picks,  and  that  near  the  Poles  ;  it  arifes  from  hence,  that  twotropcku 
the  Sun’s  Heat  being  much  greater  near  the  Equinodlial 

than  at  thofe  Places  which  are  a  good  Diftance  from  it, 
a  much  larger  Quantity  of  frefh  Water  muff  continually 
afcend  up  in  Vapours  there  than  elfewhere,  which  do  not 
defcend  again  in  Rain  till  they  are  carried  a  great  Di¬ 
ftance  from  thence  ;  fo  that  there  being  a  lefs  Quantity 
of  that  which  temperates  the  Salt,  to  be  found  in  thofe 
Seas  which  are  between  the  two  T ropicks,  than  in  thofe 
Seas  which  are  in  the  Frigid  and  Temperate-Zones ;  it  is 
no  wonder  if  their  Waters  are  falter.  To  this  we  may 
add  ;  that  the  Ocean  is  of  a  much  larger  Extent  between 
the  twoTropiclcs  than  any  where  elfe,  and  yet  there  are 
fewer  Rivers  difcharge  themfelves  into  it. 

37.  After  having  thus  explained  moft  of  the  Proper-  37,  of  the 
ties  of  common  Salt  ;  there  remains  nothing  more  for  us  Nature  of 
to  fay  about  other  Saits  which  are  digged  out  of^the  ^fZTofSalu 
Earth,  fuch  as  Nitre ,  and  Sal  Ar?noniack ,  but  only  that 

they  are  produced  much  in  the  fame  Manner,  and  that 
whatever  is  particular  in  them,  is  owing  to  their  Parts 
being  more  or  lefs  grofs ;  and  that  where&s 'the  Parts  of 
Voi.  II.  K  2  Sea 
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Sea-Salt  may  be  compared  to  Cylinders  (1)  the  Part» 
©f  other  Salts  may  be  like  Prifms  or  Cones  ;  and  laftl y, 
fome  of  thefe  Salts  may  be  fo  lubtle  as  to  fly  away  by  a 
moderate  Heat  3  as  thole  which  the  Chymifls  call  Volatile 

Salts . 

38.  Them  is  one  Thing  vefy  oblervable,  which  I 
muft  not  pals  by  in  Silence,  and  that  is,  that  all  Salts 
may  be  fo  changed  as  from  a  hard  Body  to  become  li¬ 
quid,  In  order  to  make  this  Change,  they  take  the  Salt 
and  commonly  mix  Brick-Duff  with  it,  and  put  them 
together  into  an  earthen  Vefiel,  which  they  call  a  Retort ; 
then  they  let  it  upon  a  fierce  Fire,  by  the  Force  of 
which  the  Salt  afeends  in  the  Form  of  a  Vapour,  and 
as  it  condenfes,  it  drops  into  a  Receiver,  And  this  is  the 
Liquor  which  the  Chymifls  call  Oyl,  or  Spirit  of  Salt,  or 
Aqua-Fortis  which  is  tiled  to  diflbive  Metals  with, 

39.  In  order  to  know  how  Aqua-Fortis  comes  by  this 
Force  ;  we  muft  confider,  that  the  Particles  of  Salt 
which  are  very  ftiff,  cannot  he  made  limber,  by  being 
forced  through  the  winding  Paflages  which  are  amongft 
the  Brick-Duff,  but  at  the  lame  Time  they  mult  become 
flatter;  and  whereas  before  they  refembled  little  Cylinders , 
they  now  become  like  the  Leaves  of  Reeds,  with  (harp 
Edges  on  each  Side  ;  and  herein  conlifls  the  penetrating 
(Quality  of  Aqua-Fortis,  and  allb  its  very  (harp  Taffe  fo 
much  different  from  that  of  Salt,  which  only  affe&s  the 
Nerves  of  the  Tongue  when  the  Points  are  applied  to 
them,  whereas  the  Parts  of  Aqua-Fortis ,  cut  with  their 
Edges. 

40.  Laffly.  All  that  which  is  produced  by  Art  in  the 
Laboratories  of  Chymifls,  is  done  naturally  in  the  Bowels 
©f  the  Earth,  where  we  fometimes  meet  with  {harp  and 
corrofive  Juices  which  are  like  Aqua-Fortis,  and  which  are 
capable  of  making  infinite  Variety  of  Diflblutions  of  all 
Sorts  of  Bodies,  even  the  hardeff  of  all.  Now  it  is  to 
be  obferved,  that  thefe  Juices  conlifl  of  two  Sorts  of 
Particles,  the  one  of  which  are  (mailer  than  the  other, 
and  that  when  the  Heat  which  is  within  the  Earth,  has 
exhaled  the  finer  Parts  of  thefe  Juices,  by  which  the  fe¬ 
cund  Element  agitated  the  groffer  ones ;  the  Weight  of 
thefe  latter  muft  caufe  them  to  be  at  reft  with  refpecl 

{1}  The  Parts  of  other  Salts ,  See.)  ing  lets  like  a  Pyramid  one  way 
The  Paredes  of  Nitre ,  when  Joofc-  from  whence  the  principal  Proper» 
ed  upon  through  a  Micro  fcope,  ap.  ties  of  it  may  eafiJy  be  deduced.  See 
pear  to  be  Sexangular,  thin  and  tong,  Clerc's  Pbyjicks f  Moot  1L  Chef  5, 
thrir  Sides  Parallelograms,  and  grow*  Sect,  jg, 
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to  each  other,  and  by  that  Means  to  become  hard  Bo¬ 
dies,  in  which  we  may  meet  with  all  the  Properties  which 
we  fee  by  Experience  are  in  (i)  Jllumy  and  (2)  Vitriol. 


CHAR  V. 


Of  Mineral  0  Y  L. 


WE  have  feen  by  the  feveral  Properties  of  Water  i ,0/ the 
and  Salt,  what  may  be  produced  by  the  cncked  *f 
Pores  like  Wave$y  and  aifb  by  the  Jlr eight  Pores  which  3  * 
are  in  the  Bowels  of  the  Earth  :  It  remains  now  that  we 
examine  what  may  be  generated  by  the  third  Sort  of 
Pores,  which  we  compared  to  the  Branches  of  Trees, 

And  fince  there  are  found  in  Mines,  certain  fat  oily  Li¬ 
quors  which  will  not  eaftly  run  $  we  cannot  but  think 
that  thefe  various  Liquors,  are  nothing  elfe  but  Cohesi¬ 
ons  of  thefe  branched  Particles,  compofed  of  the  Matter 
of  the  firft  Element  afTembled  and  concreted  in  thefe 
occult  Pores, 

2.  Thefe  Colleftions  may  very  well  he  liquid ;  for  the?  ** 
on  the  one  Hand  their  Parts  feem  not  much  difpofed  to  n 
flip  one  upon  another,  as  the  Particles  of  Water  ;  yet 
this  is  made  amends  for,  by  their  not  being  fb  fitted  to 
approach  each  other  fb  that  their  are  very  large  Interval® 
between  them,  which  may  contain  a  fulcient  Quantity 
of  fubtle  Matter  to  put  them  in  continual  Agitation, 


(f)  AllunV)  Later  Pkilofoptoers 
have  cbfcrvd,  that  the  Particle»  of 
Altum,  when  looked  at  through  a 
Micrcfccpe,  appear  to  be  a  little 
more,  compact,  arte!  to  have  a  (ex- 
angular  Plain  on  one  Side,  as  its 
Top,  and  on  the  other  oppofite  Side 
a  like  foxangular  Plain,  with  two 
Quadrangular  Plains  lying  between. 
Whence  they  co!lc&,  that  it  ought, 
to  be  afbingent,  to  harden  and  cor¬ 
rode;  but  bccaofe  the  End»  of  the 
angular  Points  are  fomewhat  blunt, 
therefore  it  is  not  fo  foarp  as  Vi¬ 
triol, 


M  Vitrhf,}  Concerning  the  fo- 
vet&i  kinds  of  Vitrid^  tire  m*fae  f 
of  preparing,  the  Medians*, 

See  Fhr.y,  Bwk  XXXIV.  Chap.  *3. 
Later  Pbifo&ph eis  have  efeferved, 
that  its  Parts  are  Ifcarp  m  both  $sdc$0 
2nd  cmB&i  of  ten  plain  Sidles,  trix9 
of  fmt  pantagggal  Plain®  In  rhe 
Midtaie,  and  three  tmngitiar  PMrrs. 
at  each  End,  Whence  they 
that  h  ought:  to  have  a  very  itnwg 
cartmte  and  aihrngmt  Power,  aeafc 
to  be  the  otg-H  AM  that  can  be* 
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11  3»  Thus  the  Interruption  which  there  is  amongft  the 

than  Water.  Parts  of  oily  Bodies  makes  them  alfo  to  contain  lefs  of 
their  own  proper  Matter  in  the  fame  compafs,  than  if 
their  Parts  could  be  ranged  in  a  better  Order ;  and  there¬ 
fore  they  ought  generally  to  be  very  light, 
f-  Why  it  4,  And  they  can  hardly  be  tranfparent,  becaufe  they 
farent.ran^  binder  almoft  all  the  Motion  of  that  Matter  by  Means 
of  which  the  Objedfs  which  are  beyond  them  adt  upon 
the  Eye. 

5.  Why  it  5.  And  becaufe  the  Parts  of  Oyls  are  of  fuch  Figures 

Tain^tban  as  not  a^ow  t^ein  to  flip  hy  one  another  with  eafe, 
water.  Tut  as  thofe  of  Water  do;  and  yet  fome  of  them  are  near 
upon  as  grofs  as  thofe  of  Water ;  it  may  happen,  that 
the  Matter  of  the  firft  and  fecond  Element,  may  not 
be  able  to  keep  the  groffier  Particles  in  Motion,  though 
it  may  have  Force  enough  to  keep  the  other  fo  ;  For 
this  Reafon,  thefe  Oyls  may  congeal  fooner  than  Water, 
and  yet  not  become  fo  hard  ;  not  only  becaufe  they  are 
rare,  but  alfo  becaufe  the  fubtle  Matter,  which  incom- 
pafies  them,  is  always  agitating  the  Extremities  of  the 
little  Branches  of  which  every  ramous  Particle  of  Oyl 
confifts;  and  this  makes  them  to  have  a  kind  of  Soft- 
nefs. 

^ 'bard  *  ^  ls  ev^ent  that  muft  be  very  difficult  for  the 

fo/tbeParts  Parts  of  Oyl  to  get  out  of  the  Pores  in  which  they  are 
of  Oyl  to  be  formed  ;  and  that  it  is  a  very  bad  W  ay  to  endeavour  to 
bodies  °L  ^ifengage  them  by  a  violent  Heat  ;  for  this  will  rather 
which  they  break  in  Pieces  their  Branches,  than  draw  them  out,  and 
by  that  Means  change  the  Form  and  Nature  of  them :  It 
is  on  the  contrary,  more  proper  to  make  ufe  of  fomething 
which  can  enter  gently  into  the  Bodies  in  which  Oyl  is 
contained,  and  feparate  their  Parts  and  widen  their  Pores, 
fo  as  to  give  the  branched  Particles  an  Opportunity  of 
coming  out  of  their  little  Prifons.  And  this  agrees  with 
Experience ;  for  Chymifts  have  no  better  Method  of 
drawing  Oyl  out  of  dry  Bodies  than  to  fteep  them  firft  in 
a  fufficient  Quantity  of  Water,  and  then  to  diftil  the 
whole  through  an  Alembick. 

j.^owWa.  j'  Now  Water  is  the  moft  ufeful  for  this  Purpofe,  be-» 
r/SjJ*  caufe  it  will  eafily  and  with  a  moderate  Heat  afcend  in 
Oyl ,  and  the  Form  of  Vapour,  by  which  Means,  its  Parts  will  carry 
the  Parts  of  Oyl  along  with  them,  which  otherwife  could 
not  be  moved  and  put  in  fo  great  Agitation  as  to  fly  away 
in  Exhalations,  without  a  much  greater  Heat  than  is  ne- 
t^anExka"  ceffary  to  make  Water  evaporate;  and  further,  the  Parts 
of  Oyl  are  fometimes  fo  entangled  with  each  other,  that 

they 
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they  will  burn  fooner  than  exhale  alone.  And  this  is  an 
Obfervation  worth  remaking  ;  becaufe  it  (hows  us,  that 
Exhalations  cannot  rife  out  of  the  Bowels  of  the  Earth, 
but  that  they  muft  be  accompanied  with  a  great  Quan¬ 
tity  of  Vapours,  but  that  thefe  latter  may  often  rife 
alone. 

8.  The  Nature  of  all  Sorts  of  Oyl  being  thus  fuppofed, 

it  is  eafy  to  forefee  ;  that  if  there  be  any  particular  Sort  may  /e  ■* ' 
of  Oyl,  whofe  Parts  may  be  broken  in  Pieces  by  being  changed,  jntt 
continually  bent  backwards  and  forwards,  then  every  lit- 
tie  Branch  will  be  broke  into  as  many  little  Pieces  as  it  tbers  irlt01t 
is  made  up  of;  the  Figures  of  which  not  being  fo  conv e- glutmout 
nient  to  entangle  each  other  as  they  were  before,  they 
muft  neceflarily  compofe  a  thinner  and  finer  Liquor.  And, 
on  the  contrary,  if  the  Parts  of  any  other  Sort  of  Oyl, 
are  very  difficult  to  break,  they  may  at  laft  meet  toge¬ 
ther  in  fuch  a  manner,  -as  quite  to  entangle  each  other, 
and  confequently  they  will  compofe  a  Body  which  will 
not  be  liquid  at  all.  Thus  it  may  happen,  that  fome 
Oyls  which  are  kept  a  long  Time,  may  grow  thin,  and 
be  converted  into  a  Liquor  like  Water,  which  is  not  in¬ 
flammable  as  the  Oyl  was  from  whence  it  proceeded  3  and 
that  other  Oyls  may  condenfe  and  become  a  vifcous  Bo¬ 
dy  like  foft  Wax. 

9.  While  the  Oyls  are  concreting  in  the  Bowels  of  the 
Earth,  and  after  they  are  concreted,  their  Pores  may  be  Minerai 
filled  with  a  foreign  Matter  which  is  (topped  in  them,  Sulphur, and 
as,  for  Inftance,  that  of  the  feveral  volatile  Salts  ;  and  by 

this  Means,  the  fubtle  Matter  of  the  firft  and  fecond  Ele-  Bitumen» 
ment  being  no  longer  able  to  enter  into  thefe  Bodies  in 
fo  great  a  Quantity  as  before ;  they  will  lo  far  lofe  their 
Liquidnefs,  as  not  to  recover  the  Agitation  of  their  Parts 
but  by  the  Help  of  a  confiderable  Heat  :  Thus  their 
Nature  will  be  altered,  and  they  will  become  hard,  and 
very  heavy  Bodies,  fuch  as  Mineral  Sulphur ,  and  the  fe¬ 
veral  Sorts  of  Bitumen  taken  out  of  the  Earth. 
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C  H  A  F.  VI 
Of  METALS, 

ALL  Bodies  which  are  taken  out  of  Mines  are  called 
^  Minerals  in  general)  and  they  are  commonly  dL 
ftinguilhed  into  two  Sorts*  The  firft  Sort  are  all  thofe  that 
will  melt  in  the  Fire*  and  can  be  forged  upon  an  Anvil, 
and  thefe  are  called  Metals ;  the  other  Sort,  are  thofe 
which  have  but  one  of  thefe  Properties  at  moft,  and  they 
are  called  by  the  general  Name  of  Minerals . 

2.  The  Metals  are,  Gold,  Silver ,  Lead,  Copper ,  Iron , 
and  Tin ,  to  which  we  may  alfo  add  Quickftlver,  notwith- 
Handing  it  be  generally  liquid,  and  not  capable  of  being 
forged  :  For  we  place  it  in  the  Rank  of  thefe,  becaufe 
there  are  feveral  Ways  of  making  it  ceafe  to  be  liquid,  as 
for  Example,  by  expofmg  it  only  to  the  Smoke  of  meL 
ted  Lead.  It  is  concerning  thefe  Bodies  only,  that  I  in¬ 
tend  to  fpeak  in  this  Chapter,  and  fhall  referve  what  I 
have  to  fay  of  Minerals  to  the  next  Chapter. 

g.  And  firft,  it  is  to  be  obferved,  That  though  Salt  be 
in  its  own  Nature  very  fixed,  yet  this  does  not  at  all  hin-* 
der  but  that  it  may  be  moved  with  a  very  great  Velocity, 
not  only  whilft  it  remains  in  the  Pores  of  the  Earth, 
where  it  is  firft  formed,  and  where  it  muft  have  as  much 
Rapidnefs  as  the  firft  Element  of  which  it  is  compofed  ; 
but  alfo  when  it  pafles  out  of  the  Pores  of  the  Earth  into 
other  Pores  which  are  a  little  bigger,  if  no  other  Matter 
but  that  of  the  firft  Element  be  fuftered  to  furround  it ; 
For  then,  when  it  has  loft  a  great  deal  of  its  Motion,  it 
will  acquire  it  again,  for  the  fame  Reafon,  that  we  fee 
Water  does,  when  it  is  mixed  with  Lime,  and  enters 
into  the  Pores  of  it.  What  I  have  now  faid  of  the  Parts 
of  Salt  fmgly,  is  to  be  underftood  alfo  of  the  Parts  of 
Salt,  Water  and  oily  Subftances  mixed  together,  We  ap¬ 
prehend  therefore,  that  all  thefe  may  be  moved  together, 
and  go  along  through  fuch  very,  {freight  Paflages,  that 
they  have  no  room  to  turn  either  to  the  Right  Hand  or  to 
the  Left,  but  only  to  move  dire<ftly  forward  all  together ; 
whence  it  follows,  that  being  at  reft  with  refpedt  to  each 
Other,  they  will  form  thofe  little  hard  Bodies  which  wc 
imagine  to  be  the  component  Parts  of  Metals. 
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4.  It  is  to  be  obferved  further,  that  thefe  Sorts  of  lit-  4»  ^bat 
tie  hard  Bodies,  muft  generally  be  formed  very  deep  in  ftey 

the  Earth,  where  the  Earth  it  felf  is  very  folid,  and  Boweb  of 
where  fuch  Sort  of  Bodies  as  are  neceflary  to  form  them tbt  Bartb. 
muft  confequently  be  found  •,  rather  than  towards  its  Su¬ 
perficies,  where  its  Parts  are  difunited,  and  at  fuch  a 
Diftance  from  each  other,  that  the  Air  and  a  great  many 
other  Bodies  differently  agitated,  can  get  in  betwixt  them 
and  hinder  them  from  generating  any  thing  that  is  fixed, 
as  the  component  Parts  of  Metals  muft  be.  . 

5.  Now  it  is  eafy  to  apprehend,  that  the  Vapours  and  5*  Howtbej 
Exhalations  which  afcend  out  of  the  Bowels  of  the  Earth  bought  to 
with  fome  Rapidity  ;  may  fometimes  pafs  through  par-  the  Superfi • 
ticular  Places,  which  though  they  be  indeed  very  ftrait,  cies  °f  tbt 
yet  may  be  wide  enough,  compared  with  the  fmali Eart  * 
Parts  of  Metals  which  are  brought  thither  out  of  thole 

Pores  in  which,  as  in  fo  many  Moulds,  they  were  formed 
and  lodged.  By  this  Means,  thefe  fmall  Parts  are  brought 
up  very  near  to  us,  and  flopped  in  the  Sand  and  other 
Parts  of  the  external  Earth,  which  is  within  our  Reach, 
and  which  Mens  Curiofity  have  led  them  to  fearch  into ; 
and  being  lodged  there,  they  compofe  thofe  Veins  of  > 

Metals  which  are  afterwards  refined  by  Art. 

6.  When  the  Parts  of  Metals  are  mixed  with  an  ear- 
thy  Powder,  there  is  no  doubt  but  that  Fire  is  very  pro- 

per  to  fetch  them  out  and  to  refine  the  Metal,  be-  per  tofpa- 
caufe  it  will  eafily  difperfe  all  that  which  is  not  metal-  rate  Maah 
lick  ;  But  if  the  fame  Parts  flick  in  any  Matter  which 
is  very  hard,  and  whofe  Hardnefs  they  increafe  by  fil-  Matter • 
ling  up  its  Pores  ;  it  will  be  to  no  Purpofe  to  make  ule 
of  the  Force  of  Fire  in  order  to  difengage  thefe  Parts  ; 
becaufe  Fire  will  not  difperfe  any  Matter  which  refills 
it  very  much,  without  corrupting  at  the  fame  Time  and 
reducing  into  Smoke  a  great  many  of  the  metallick  Parts. 

For  this  Reafon  when  any  valuable  Metals,  fuch  as 
Gold  or  Silver,  are  to  be  feparated  from  any  terreftriai 
Matter  which  is  very  hard,  there  muft  be  fome  Artifice 
made  ufe  of, 

7.  But  whatever  the  Manner  of  refining  Metals  be,  7,  of  the 
the  Metal  it  felf  cannot  but  be  very  heavy,  becaufe  the  Hardref  of 
Parts  of  which  it  is  compofed,  being  very  grofs  and  fo-  Mttalim 
lid,  that  which  is  compofed  of  them,  muft  confequently 

be  very  weighty  ;  and  for  the  fame  Reafon  it  muft  alfo 
be  fo  hard,  as  not  to  be  made  liquid  but  by  Means  of  a 
violent  Heat. 


8.  Howe- 
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8.  However,  it  may  happen,  that  the  Parts  of  a  Me¬ 
tal  may  be  fo  fmooth  and  fo  well  polifhed,  and  alfo 
(1)  of  fuch  a  Figure,  that  they  can  touch  one  another 
in  a  very  few  Places  only  :  In  this  Cafe,  they  will 
compofe  a  liquid  Body  ;  becaufe  the  Matter  of  the  firft 
Element,  and  fome  of  the  fmaller  Particles  of  the  fe- 
cond  Element,  will  continue  to  flow  amongft  them,  and 
fo  keep  them  in  fome  kind  of  Motion. 

9.  This  Obfervation  is  very  well  worth  remarking; 
becaufe  it  explains  to  us  that  particular  Quality  which 
makes  ffhttckfilver  to  differ  from  other  Metals.  And  as 
to  the  Differences  obferved  in  Metals,  we  may  affirm  in 
general,  that  they  all  confift  in  this  ;  that  their  com¬ 
ponent  Parts  are  of  different  Bignefs,  of  different  Soli¬ 
dity,  and  of  different  Figures. 

10.  It  is  therefore  no  Contradiction  in  the  Nature  of 
Things,  that  by  adding  to  the  Parts  of  fome  cheap  Me¬ 
tals,  fome  other  Parts  of  Matter,  which  may  caufe  them 
to  be  like  the  Parts  of  a  valuable  Metal,  fuch  a  Tranfmu. - 
tation  of  Metals  may  be  made,  as  fo  many  Chy miffs 
have  wifhed  for,  and  which  fome  of  that  Profefiion  have 
declared  that  they  have  found. 

1 1.  But  becaufe  we  do  not  know  particularly  what  the 
Figure  and  Bignefs  of  the  fmall  component  Parts  of  Me¬ 
tals  and  other  Ingredients  which  go  to  make  fuch  a 
T ranfmutation,  are ;  neither  is  the  Secret  of  uniting  them 
together,  as  yet  found  out ;  we  muff:  think,  that  if  it  be 
true,  that  fome  Chymifts  have  now  and  then  converted 
Lead  into  Gold,  it  was  by  juft  fuch  a  Hazard,  as  if 
a  Man  fhould  let  fall  a  handful  of  Sand  upon  a  T able, 
and  the  Particles  of  it  fhould  be  fo  ranged  that  we  could 
read  diftinClly  on  it  a  whole  Page  of  Virgil's  JEnead.  It 
is  therefore  great  Folly  to  attempt  to  find  out  fo  great  a 
Secret  by  Reafon  or  Art;  And  there  is  fcarce  any  Thing 
more  certain  than  that  the  Perfon,  who  would  try  to 
hit  upon  it  by  Chance,  in  making  a  great  Number  of 
Experiments,  will  be  ruined  firft. 


(*)  Iuc &  *  Figure,  See.)  It  fee  how  the  principal  Pkatnomen* 
is  probable  that  the  Particles  of  of  it  ate  to  be  explained,  in  €ie> c> 
S^uickjil-ver  are  ( globular ]  or  cylin-  Pbyjtch,  Book  U.  Chap.  4.  Sedt* 
drtcal  j  which  if  they  be,  you  may  39. 


12.  Now, 
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12.  Now  if  we  confider  that  the  Parts  of  Metals  are  wh 

very  folid,  we  muft  conclude,  that  they  will  refill  the 
Adlion  of  Light,  and  confequently  reflect  it  with  its  J 
whole  Motion  ;  whence  it  follows,  that  when  Metals 

are  well  polilhed,  they  ought  rather  to  appear  bright 
than  coloured. 

13.  However,  Gold  and  Copper  appear  each  of  them  m*  Why 
to  be  of  a  peculiar  Colour,  the  one  looking  yellow  and  Gold  and  ^ 
the  other  red.  But  this  may  proceed  from  hence,  that  0/a  peculiar 
the  component  Parts,  which  confill  of  original  metal-  Colour . 
lick  Particles  alTociated  together,  (1)  are  bigger  than 

the  component  Parts  of  other  Metals,  and  that  the  In¬ 
terfaces  which  are  left  between  them,  make  a  confide- 
rable  Alteration  in  the  Reflexion  of  the  Light.  And  in¬ 
deed  if  there  be  as  much  Pains  taken  to  burnilh  Gold, 
as  is  taken  to  burnifh  Silver  ;  that  is,  if  the  Parts  of  the 
Gold  which  flick  up  highell,  be  fo  ground  down  by 
what  Artills  call  a  Blood-jtone ,  and  be  made  as  level  as 
can  be  with  the  reft  ;  and  the  Gold  be  then  looked  upon 
with  a  Microfcope  ;  it  will  appear  very  rugged  and  un¬ 
even,  and  like  a  great  Number  of  little  Mountains  ranged 
on  each  Side  with  their  Valleys  betwixt  them  ;  the  Situ¬ 
ation  of  which  is  fuch,  that  if  the  Light  be  reflected 
from  the  T ops  of  them  to  any  particular  Place  where  the 
Eye  is,  there  will  be  none  refledled  to  it  from  any  other 
Parts  of  their  fmall  Superficies. 

14.  This  (2)  Interruption  which  there  is  between  the  H*  Why 

Parts  of  Gold,  is  the  Reafon  why  it  will  very  freely  ec ^ 

permit  the  Edges  of  Tools  to  enter  into  it,  and  confe¬ 
quently,  why  it  is  eafier  cut  than  other  Metals. 

15.  It  may  without  doubt  be  conceived,  that  Metals  15*  What 
may  have  all  thofe  Properties  which  we  have  mentioned, 

and  yet  their  component  Parts  not  be  made  up  of  thofe  Met  alt  u 
Particles  which  we  have  faid  they  are  made  up  of :  But  confirmed  by 
then  it  is  not  fo  eafy  to  account  for  the  Experiments  of 
Chymifts,  who  by  the  Refolution  of  Metals,  can  draw 
Salt  and  Sulphur  out  of  them  :  So  that  the  Operations  of 
Chymifts  help  to  confirm  what  we  have  advanced. 


(l)  Are  bigger  than  the  compo¬ 
nent  Parttf  &c  )  See  the  Notes  on 
Chap .  XXII.  Art,  18  .of  the  firfi 
Part. 

\t)  Interruption  •which  there  it. 


tec.)  And  makes  it  to  be  diflblved 
by  Aqua  Regia ,  which  will  not 
difiulve  Silver.  See  the  Notes  on 
Chap.  22,  Part.  I*  Art.  ijp  and 
18. 
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16.  But  however  this  be,  we  can  no  t  but  think  that 
the  component  Parts  of  Metals  are  long  ;  otherwiie  we 
cannot  underftand  how  Metals  fhouid  be  fo  du&ile  as 
they  are,  whether  they  be  (1)  forged  upon  an  Anvil,  or 
drawn  through  a  wire-drawing  Iron ;  whereas,  if  we 
fuppofe  them  to  be  fomewhat  long,  it  is  eafy  to  conceive, 
that  when  they  are  prefled  on  one  Side,  they  will  flip  fide-* 
ways  of  each  other  without  quite  feparating, 

17.  Further,  it  is  not  poffible  to  conceive,  that  when 
a  Piece  of  Metal  is  continually  prefled  upon  one  Way 
the  Parts  of  it  fhouid  be  able  to  lye  crofs  *  on  the  contraiy, 
we  cannot  but  think,  that  they  muft  neceflarily  fo  oraer 
themfelves  as  to  place  themfelves  by  each  other’s  Side, 
and  correfpond  Length-ways  to  the  Length  of  the  whole 
Piece,  which  will  make  it  eafier  to  bend  that  Way 
than  any  other ;  And  this  agrees  with  Experience :  for 
Metals  which  are  beaten  into  Rods  upon  an  Anvil,  or 
drawn  into  Wire  through  a  Wire-Iron,  are  very  ftrong 
Length-ways,  but  Breadth-ways  they  are  many  Times 
eafier  to  break  than  Workmen  would  have  them.  And 
we  obferve  Strings  in  them,  as  in  the  Slip  of  an  Ozier. 

18.  Thefe  Strings  ought  not  to  be  in  Metal  that  is 
caff  and  has  not  been  forged :  And  fo  we  find  that  call 
Metal  is  as  eafy  to  break  one  Way  as  another. 

19.  Steel,  which  is  nothing  elfe  but  fine  Iron,  is  ca¬ 
pable  of  being  made  the  hardeft  of  all  Metals :  The  Way 
of  making  it  fo  is  this ;  only  to  heat  it  red-hot  in  the  Fire, 
and  then  throw  it  all  at  once  into  Cold  Water  5  and  this 
manner  of  hardening  is  what  they  call  tempering  it,  and 
this  makes  it  capable  of  cutting  or  at  leaf!  of  breaking  all 
Sorts  of  Bodies  without  Exception,  even  Diamonds 
themfelves  :  For  it  is  certain  they  will  break  in  Pieces 
with  a  frnall  Stroke  with  a  Hammer  if  it  hits  right. 

20.  In  order  to  account  for  this  Effect  (  which  per¬ 
haps  is  one  of  the  moft  admirable,  and  doubdels  one  of 
the  moft  ufeful  Properties  that  we  know  )  we  muft  fup¬ 
pofe  that  the  Heat  of  the  Fire,  which  makes  the  Steel 
almoft  ready  to  melt,  puts  the  fmall  Particles,  which 
each  component  Part  is  made  up  of,  into  Motion,  and 
thereby  caufes  the  Particles  of  the  two  neareft  compo¬ 
ti)  Forged  upon  an  Anvil,  &c.)  t(  Inches  Breadth  each  Way.”  PI  in, 

*(  An  Ounce  cf  which  (vix.  Gold,)  Book  33.  Chap.  3.  But  concerning 
“  is  ipread  into  /even  hundred  and  the  Duttilenef*  of  Gold.  See  Chap, 
**  hf.y  Leaves  and  above,  of  lour  9*  Parti,  Art,  10  and IX» 
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nent  Parts,  (  whofe  Diftance  from  each  other  was  very 
finall,  though  far  enough)  to  approach  a  little  hearer  one 
another,  fo  that  the  Metal  becomes  more  uniform  than 
it  was  before ;  after  this,  being  caft  on  a  fudden  into  the 
cold  Water,  the  metallick  Parts  (i)  lofe  the  Motion  they 
were  in,  before  they  have  Time  to  gather  together  a- 
gain  into  grols  component  Parts,  with  confiderable  Inter¬ 
vals  between  them :  Whence  it  follows,  that  the  Points 
or  Edges  of  Gravers  and  the  Teeth  of  Files  can  only  Hip 
over  them  without  entring  into  them. 

21.  And  in  order  to  reduce  tempered  Steel  to  the 
State  it  was  in  before,  we  need  only  heat  it  red-hot  again 
in  the  Fire,  and  let  it  cool  gradually ;  for  then  the  Parts 
which  were  uniformly  joined  together,  will  have  Oppor¬ 
tunity  of  reuniting  in  a  great  many  little  MalTes  or  Grains, 
and  leaving  as  large  Intervals  between,  as  there  was  be¬ 
fore  the  Steel  was  tempered. 

22.  Iron  is  capable  of  being  hardened  almoft  as  much 
as  Steel,  provided  it  continues  in  the  Fire  longer  than 
Steel,  before  it  be  put  into  cold  Water ;  and  the  Reafon 
why  it  muft  continue  longer,  is,  becaufe  its  Parts  are 
more  fixed ;  and  of  this  we  have  a  fulficient  Proof,  be¬ 
caufe  Iron  is  harder  to  melt  than  Steel.  But  other  Me¬ 
tals  cannot  be  tempered  in  this  Manner,  at  leaft  by  them- 
felves  without  any  Mixture,  becaufe  a  violent  Heat,  can¬ 
not  put  their  Parts  a  little  in  Motion,  fo  as  to  range 
them  differently,  without  quite  melting  them, 

23.  We  find  that  a  Compofition  of  Copper  and  Tin 
is  very  hard  and  brittle,  though  each  of  thefe  Metals  fe- 
parately  is  eafy  to  cut,  and  will  eafily  bend  without  break¬ 
ing  ;  the  Reafon  of  which  is,  becaufe  their  different  Parts 
being  uniformly  mixed  together,  unite  in  very  fmall  Maf- 
fes  or  Grains ;  whence  it  follows  that  they  cannot  be  fo 
clofely  connected  together,  in  the  fame  manner  as  a  Wall 
built  with  fmall  rough  Stone  is  not  fo  compa&  as  one 
built  with  large  cut  Stone :  And  for  the  fame  Reafon,  the 
Inter ftices  left  betwixt  them,  are  not  large  enough  for 
the  Edges  of  T ools  to  enter  into  ;  fo  that  they  can  only 
flip  over  them,  without  loofening  any  of  the  Parts. 

24.  We  obferve  alfo,  that  Metals  are  very  fubjeft  to 
Ruft ;  Now  Ruft  is  nothing  elfe  but  a  Diforder  of  their 
Parts,  caufed  by  the  Action  of  fome  ftrong  Liquor, 
which  is  in  great  Agitation,  the  Parts  of  which  get  into 
the  Pores  of  the  little  Maffes,  like  fo  many  Wedges  $ 

(1)  Loft  tbt  Motion,  ike.)  §<;$  Hook’s  Micrography,  Obferv,  9. 
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And  becaufe  thefe  Pores  are  fmaller  in  Iroh  and  Steel 
when  they  are  tempered  than  when  they  are  not,  and 
for  that  Reafon  it  is  then  more  difficult  for  other  Bodies 
to  enter  5  we  likewife  conclude,  that  they  are  not  1q 
fubjedt  to  Ruft. 

25.  It  is  to  be  obferved  alfo,  that  the  rufty  Particles  of 
Metals  are  not  entirely  corrupted.  Forthofe  which  come 
off  of  Copper,  for  Inftance,  which  we  call  Verdegreafe , 
may  afterwards  be  converted  into  Copper  again. 

26.  T hat  Verdegreafe  which  is  made  of  Brafs,  Ihould 
afterwards  be  converted  into  Copper  and  not  into  Brafs, 
is  no  way  inconfiftent  with  what  has  been  faid :  For 
Brafs  is  not  a  real  Metal,  but  only  a  Compofition  of  Cop¬ 
per,  and  a  certain  fufile  Stone  called  Lapis  Calaminaris , 
mixed  together  in  the  Fire.  And  it  is  probable,  that  the 
Verdegreafe  is  made  only  of  the  Parts  of  the  Copper  and 
not  of  thofe  of  the  Lapis  Calaminaris ,  which  is  mixed 
with  it. 

27.  I  lhall  finifli  what  I  propofed  to  fay  concerning 
Metals  with  an  Explication  of  the  Artifice  made  ufe  of 
by  the  Spaniards  in  Peruy  and  other  Parts  of  America,  to 
feparate  the  Gold  and  Silver,  from  the  Dirt  and  Stones 
which  thefe  Metals  are  found  mixed  with.  Firft,  they 
beat  to  a  Powder  in  Mortars,  the  hard  Stones  which  they 
dig  out  of  the  Mines  ;  then  they  pour  in  as  much  clear 
Water  as  is  fufficient  to  make  a  very  foft  Pafte,  which 
they  fprinkle  with  a  little  Salt  and  Quickfilver,  and  then 
they  beat  them  up  together  for  a  conliderable  Time,  Af¬ 
ter  this,  they  wafti  the  Mixture  in  feveral  Waters,  which 
feparate  all  that  is  not  Metal  from  them,  and  the  Gold 
or  Silver  appears  at  laft  like  an  Amalgama,  as  the  Chy^ 
mills  call  it,  with  Mercury ,  which  is  afterwards  made 
to  evaporate  with  a  moderate  Heat :  And  then  the  Me*- 
tals  become  like  Afhes,  which  they  turn  into  Ingots,  by 
melting  them  in  a  Crucible  in  a  very  fierce  Fire. 

28.  This  Method  of  refining  Gold  and  Silver,  is  very 
eafy  to  apprehend  ;  For  it  is  evident,  that  the  whole  Se* 
cret  is  nothing  elfe  but  to  break  the  fmall  Inclofures,  in 
which  the  Particles  of  the  Metals  are  contained  ;  and  the 
Water  and  Salt  do  the  fame  Office  hete,  as  the  ^Vater 
alone  does,  when  dry  Plants,  out  of  which  we  would 
draw  Oyl,  are  fteeped  in  it.  And  as  to  the  Quickfilver , 
it  ferves  to  unite  and  gather  together  a  great  many  Parts  of 
thefe  Metals,  which  would  otherwife  be  in  Danger  of 
running  off  with  the  Water,  as  they  are  walhed. 
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CHAP.  VII. 

Of  MINERALS. 


THERE  are  a  great  many  more  Things  which  need  *•  Wat 
to  be  explained  in  Minerals  than  in  Metals,  and  tb"*t  a™af 
there  are  alfo  a  much  greater  Number  of  them.  For  we  more  Things 
reckon  but  feven  Metals,  whereas  there  are  an  innume-  t0  be  confi- 
rable  Quantity  of  Minerals  ;  I  (hall  here  fpeak  only  of  ^fpeiTto^ 
what  feems  to  me  moft  probable  with  Regard  to  the  Minerals , 
Nature  of  thofe  which  are  moft  common.  than  witb 

2.  Though  ( 1)  thofe  Places  in  the  Earth  where  Metals 
are  formed  are  very  much  prefied  upon  by  the  Weight  2.  How 
of  all  the  terreftrial  Matter  which  is  betwixt  thefe 
Places  and  the  Surface  of  it,  yet  thofe  Parts  which  are  formd . 
near  the  Surface  are  fo  little  prelTed  upon,  that  they 
are  feparated  from  one  another  by  an  infinite  Number 
of  Chops  and  Chinks,  which  are  open  every  Way,  and 
which  give  a  free  Paftage  to  Vapours  and  Exhalations, 
and  to  a  great  many  other  Parts  of  Matter  which  are 
put  in  Agitation,  by  the  Heat  which  is  in  the  Bowels 
of  the  Earth :  And  becaufe  it  is  the  Property  of  Exha¬ 
lations  to  mix  themfelves  very  eafily  with  thofe  very  fine 
terreftrial  Particles,  which  they  themfelves  loofen;  they 
muft  compofe  a  great  many  little  Heaps,  the  Parts  of 
which,  after  having  been  differently  agitated  amongft: 
each  other,  will  agree  to  move  all  the  fame  Way  at  laft, 
which  will  caufe  them  to  be  at  reft  with  refpedt  to  one 
another.  After  this,  the  Body  which  is  thus  compofed. 


(i)  Thefe  Places  in  tbs  Earth 
where  Metals  are  formed,  &c.)  There 
is  a  very  remarkable  P.Ufage  in  Va- 
renius  which  fhows  us  the  inward 
Conftitutioo  of  the  Earth  for  a  con* 
fiderable  Depth,  which  becaufe  it  is 
very  well  worth  Obfervatiou  i  fhall 
ilere  tranfcribe.  ‘  Upon  digging  the 

*  Earth  fome  time  ago  at  Amjier- 

*  dam ,  two  hundred  and  thirty  two 
1  Foot  deep,  in  order  to  make  a 

*  Well,  the  following  Sorts  of  Earth 

*  were  obferved  :  Garden- Mould 
e  feven  Foot}  black  Earth  fir  to 

*  burn,  which  they  call  Turf  (tho* 

*  it  is  not  the  true  Turf)  nine 

*  Foot  3  foft  White  Clay  nine  Foot  j 


*  Sand  eight  Foot  j  Earth  four  Foot  j 

*  Sand,  upon  which  the  Hou fes  at 
‘  Amfitrdam  are  bu  lt  on  Piles,  ten 

*  Foot  ;  Clay  two  Foot,  white  Gra- 

*  vel  four  Foot  j  dry  Earth  five 

*  Foot  j  muddy  Earth  one  Foot  ; 
<  Sand  fourteen  Foot  }  fandy  Clay 

*  three  Foot}  Sand  mixed  with  Clay 
«  five  Foot }  Sand  mixed  with  Sea- 

*  Shells  four  Foot }  after  that  a  Clay 

*  Ground  to  the  Depth  of  a  hun- 
(  died  and  two  Foot  together  }  and 

*  at  laft;  Gravel  for  thirty  one  Foot 

*  more  where  the  Digging  ended.’ 
Vannius  Geography,  Book  I.  Prop. 

7*  1 


having 


3»  *Tbi 
Propertiei 
cj  Grains 
tf  Sand* 
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having  a  Force  fufficient  to  put  the  Matter  which  fur- 
rounds  it  in  Agitation,  will  by  Degrees  transfer  all  its 
Motion  to  this  Matter,  and  at  laft  be  at  Reft,  being 
formed  into  a  Figure  very  nearly  round.  And  this,  in 
my  Opinion,  is  the  Method  in  which  a  Grain  of  Sand 
is  formed,  and  in  the  fame  Manner  innumerable  Grains 
may  alfo  be  formed. 

3.  Thefe  Grains  are  heavy,  becaufe  they  are  com- 
pofed  of  terreftrial  Matter,  and  they  are  hard,  becaufe 
without  Motion  :  They  muft  [be  tranfparent,  becaufe 
the  fmall  Globules  of  the  fecond  Element,  by  which 
they  were  agitated  at  firft,  keep  open  the  Pores  for 
themfelves  to  pafs  through  :  However,  thefe  Pores  are 
not  fo  many,  but  that  there  are  a  great  many  folid  Parts 
alfo  to  reflect  the  Light ;  and  becaufe  their  Superficies 
are  of  different  Roughnefs  and  differently  uneven,  this 
caufes  feveral  Modifications  of  the  Rays  of  Light,  and 
makes  the  Grains  of  Sand  to  appear  of  all  thofe  different 
Colours  which  we  obferve  in  them. 

4.  Bow  4.  The  Production  of  Clay  is  not  at  all  different  from 
Clay  i*pro-  that  of  Sand  ;  only  we  muft  add,  that  the  Particles  of 
duecd.  Qay  are  vaft]y  fmaller,  fo  as  to  leave  very  little  Inter¬ 
faces  between  them,  by  which  Means  it  is  very  difficult 
for  Water  to  penetrate  them. 

5.  The  $•  Becaufe  the  Parts  that  are  brought  up  out  of  the 
Real™  of  the  Earth  are  not  at  all  exa&ly  alike,  nor  every  where  in  the 
^SandanJ  Qjant^7  >  2nd  becaufe  alfo  the  Vapours  and  Exha- 
ciay,  lations  which  bring  them  up,  are  not  the  fame  every 

where :  it  evidently  follows ,  that  the  Grains  of  Sand 
and  Clay,  cannot  be  of  the  fame  Bignefs  and  Quality 
every  where, 

6.  Why  a  6.  Though  every  fmgle  Grain  of  Sand  be  tranfparent, 
Nutrf*r°f  yet  a  great  Number  of  them  together  compofe  an  o- 
Griwclm-  pake  Body  :  For  the  Light  in  palling  through  them  go- 
pfean  opake  jng  feveral  Times  out  of  Air  into  Sand,  and  out  of  Sand 
*****  into  Air  alternatively  ;  every  Superficies  reflects  fome  of 

the  Rays  continually,  fo  that  at  laft,  there  is  none  left 
to  go  on  that  Way  which  they  at  firft  tended. 

7.  Bow  7*  ^ow  tf  the  Matter  of  which  a  fingle  Grain  of 
Flints,  Cry -  Sand  is  made,  meets  together  in  fo  great  a  Quantity  as 
pal  and  ^  t0  compofe  a  Mafs  of  any  confiderabie  Bignefe,  this  Mate 
J^prl-  will  be  tranfparent,  and  according  to  the  Degree  of  Hardr 

nefs  which  it  has,  and  the  particular  Rangement  of  its 
Parts,  it  will  either  form  fome  Flint-Stone,  or  Cryftal, 
or  Diamond. 


&  Though 
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8.  Though  all  thefe  Bodies  are  very  hard,  yet  they  muft 
notwithftanding  that,  have  been  originally  liquid  .  And  pleceioj 
that  they  were  fo  appears  from  hence  ;  that  they  are  all  of  Cry/tai  are 
them  of  that  Figure  which  Drops  of  Liquor  of  the  fame  f.'j* 
Bignefs,  ought  to  be ;  and  alfo  from  hence,  that  when  a  . 
great  many  Pieces  of  Cryftal  are  found  together,  .as  they 

very  often  are  in  the  Mountains  of  SwiJJerland,  and  in  thoie 
in  the  Milanefe ,  they  are  all  of  the  fame  Figure" that  little 
Balls  of  PafhGaid  upon  one  another  and  preffed  together 
by  their  own  Weight  would  be  1  hor  as  every  Piece  of 
Cryftal,  is  furrounded  and  comprefted  betwixt  fix  others, 
fo  it  is  fqueezed  into  (1)  a  Body  with  fix  Sides  very  nearly 

equal.  '  -  . 

9.  It  may  alfo  happen,  that  feme  metalhck  Parts  may  9.  W 

mix  themfelves  with  the  Matter  of  which  all  thefe  are  _ 

compofed  \  and  if  lo,  this  will  caufe  the  Light  to  have  par-  lours  are  gf 
ticular  Modifications  given  to  it,  as  it  falls  upon  or  paffes 
through  them,  and  then  the  Rays  may  excite  the  Senfa- 
tion  of  different  Colours  in  us  :  Wherefore  inftead  of 
Cryftal,  Flints,  and  Diamonds,  we  may  have  Emralds , 

Agats ,  Topazes,  Rubies ,  Saphirs  and  fuch  like  Jewels. 

10.  What  is  herefaid  concerning  the  Formation  of 

thefe  Sorts  of  Bodies,  may  be  confirmed  from  hence,  wbat  ba . 
that  Art,  which  imitates  Nature,  cannot  make  GhfsW-* 
or  artificial  Cryftal,  without  a  large  Quantity  either  of  ZTroJ 
Sand  or  Flint  diftblved  by  a  violent  Heat,  the  melting  duEiion  of 
of  which  is  promoted  by  the  Allies  of  Kali ,  or  Fern ,  and  JtweiS* 
fuch  like  Plants  which  contain  a  good  deal  of  Salt  in 
them.  And  Enamel,  which  refembles  precious  Stones, 
cannot  be  made  without  adding  a  little  IVIetal  to  the 
Matter  of  which  it  is  compofed,  which  would  otherwife 
be  only  Glafs, 

1 1.  But  it  is  to  be  obferved ;  that  in  order  for  Cryftal  ».  n*' 
and  fuch  like  tranfparent  Stones  to  be  formed  and_  gene-  madtUp0f 
rated  in  the  Bowels  of  the  Earth,  they  muft  not  firft  be  Gram *  of 
hardened  into  Grains  of  Sand  :  For  though  fuch  Grains 

might  afterwards  be  foftened  in  the  Bowels  of  the 
Earth,  they  could  never  unite  together  again,  without 
leaving  fome  Interftices  between  them  which  would 
hinder  them  from  being  tranfparent. 


•  (t)  A  Body  with  fix  Sides  very 

nearly  equal.  See •)  l<  It  is  not  ealy 
<(  to  find  out  a  Reafon  why  it  is  ge- 
nerated  with  fexangular  S:des,and 
“  ths  rather  becrufe  the  Points  are 
of  different  S -arts,  and  the  Sides 

VO  L.  II. 


<<  are  fo  perfeflly  fmooth,  aSnotto 
c<  be  imitated  by  any  Art  whatfo- 
te  ever.”  Pliny  37.  2.  But  for  the 
Reafon  of  this.  See  the  Notes  0 * 
Part  I.  Cbaf  22-  ^.rt*  22. 
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12.  It  is  not  eafy  to  underftand  how  Grains  of  Sand 
fhould  be  foftened,  but  they  may  eafily  be  joined  to  each 
other  by  fome  terreftrial  Matter  which  gets  into  the  In¬ 
terfiles  that  are  betwixt  them,  and  fo  compofe  a  Flint- 
Stone. 

13.  There  is  no  doubt  but  that  in  feveral  Parts  of  the 
Earth,  terreftrial  Matter  is  carried  up  along  with  the  Va¬ 
pours  :  For  we  fee  that  the  Waters  of  a  great  many 
Fountains,  though  they  are  very  clear,  ( 1)  yet  contain  fuch 
a  Quantity  of  thefe  Exhalations,  that  in  Time  they  ga¬ 
ther  together  into  a  large  Heap.  Thus  the  Waters  of 
the  Fountains  of  Ijji  and  Ar cutely  contain  fo  great  a 
Quantity  of  them,  that  they  ftick  to  the  concave  Super¬ 
ficies  of  the  Pipes  through  which  they  run,  and  form  a 
Sort  of  Stone  very  hard  and  heavy. 

14.  When  the  Parts  of  Clay  are  thus  faftened  toge¬ 
ther  by  the  Matter  which  flops  in  and  fills  the  Interfti-* 
ces,  they  compofe  Stones  ;  which  have  different  Qualities 
according  to  the  particular  Nature  of  the  Clays  which  are 
found  in  different  Countries,  and  that  of  the  Matter 
which  unites  them.  This  appears  from  hence,  that  we 
find  Stones  in  Quaries,  where  fome  Years  before  nothing 
was  digged  up  but  Clay. 

15.  There  is  no  Difference  between  the  Production  of 
Marble  and  of  common  Stone,  but  only  this ;  that  the 
Clay  out  of  which  it  is  made,  confifts  of  much  fmaller 
Parts,  which  lie  a  great  deal  clofer  to  each  other,  and 
confequently  the  Interftices  between  them,  are  more  ea¬ 
fily  filled  by  the  Exhalations  which  flop  in  them ;  fo  that 
the  Compofition  is  more  clofe  and  compa<5l  than  other 
Stones.  Whence  it  muft  be  very  hard  and  capable  of  ta¬ 
king  a  good  Polifh. 

16.  From  the  Nature  of  Stones  both  precious  and 
common  which  we  have  here  laid  down,  I  don’t  fee  how 
we  can  deduce  certain  Properties  which  are  mentioned 
by  the  Writers  of  Natural  Hiftory  :  As,  for  Inftance, 
that  a  Blood-ftone,  worn  by  a  Perfon  who  has  the  Bloody - 
Flux,  will  flop  the  Diftemper  j  and  that  other  Stones  will 
cure  other  Diftempers.  And  fherefore  we  find  by  re¬ 
peated  Experiments,  that  thefe  Sorts  of  Properties  are 
falfely  afcribed  to  the  greateft  Part  of  thefe  Stones.  But 
it  is  not  fo  with  refpedl  to  the  Load-Jlone  3  for  almoft  all 
the  Properties  thereof  related  by  the  Ancients,  are 

(1)  Tet  contain  fuch  a  quantity  of  them,  &s.)  See  the  Notes  below  on 
Chap.  X.  Art.  13* 

found 
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found  to  be  true ;  and  we  have  moreover  found  more 
furprifingThings  in  it,  than  were  known  to  the  Ancients; 
btit  fo  extraordinary  a  Subject,  demands  to  be  treated  of 

by  it  felf. 

CHAP.  VIII. 

Of  the  L  O  A  D-S  TONE. 

H  £  S  E  Stones,  Which  are  very  much  of  the  Colour  t.  What  a 
of  Iron,  but  much  harder  and  heavier,  are  taken  out 
of  the  Iron  Mines;  they  are  not  all  of  the  fame  Bignefs,  Whence  it  it 
nor  of  the  fame  Figure;  for  they  are  found  of  all  Sorts  taken. 
of  Figures,  and  of  different  Bigneffes.  The  firft  Effe&s 
taken  Notice  of,  were  fo  furprifing  to  all  the  Philofophers, 
that  it  was  impofiible  to  have  forefeen  fuch,  upon  their 
Principles  of  Reafoning :  But  not  to  contend  with  them 
now,  concerning  the  little  Foundation  they  had  to  go  up¬ 
on,  and  to  fhow  the  Strength  of  what  I  formerly  laid 
down  in  the  firft  Part  of  this  Treatife,  I  fhall  do  here  as 
if  I  were  the  firft  that  had  made  any  Obfervation  about 
the  Load-ftone.  And  in  the  firft  Place  I  fhall  reckon  up 
fome  of  its  Properties,  which  I  fhall  content  my  felf,  with 
only  aligning  a  probable  Reafon  for ;  and  after  that,  I 
fhall  endeavour  to  eftablifh  the  T ruth  of  my  Conjecture, 
by  fhowing  that  all  the  Confequences  that  can  be  drawn 
from  it,  agree  with  Experience. 

2.  The  firft  furprifing  Thing  in  the  Load-ftorje,  and  ^  ^ 
which  perhaps  was  firft  found  out  by  Chance,  is,  that  if  fttraEtT* 
it  be  placed  at  a  certain  Diftance  from  a  Piece  of  Iron,  Iran. 

the  Iron  will  move  out  of  its  Place,  and  go  and  join  it 
felf  to  the  Load-ftone,  and  that  fo  ftrongly,  that  it  will  re¬ 
quire  fome  Force  to  feparate  them  from  each  other  again. 

And  thus  it  is  faid,  that  the  Load-ftone  draws  Iron. 

3.  Now  in  order  to  fee  if  this  Attraction  be  Reel-  ^ 
procal,  we  muft  contrive  that  the  Stone  may  be  eafily  fhe  Load~ 
moved,  which  is  done  by  putting  it  on  any  light  Thing/e»*  alf». 
in  the  Shape  of  a  Boat,  and  then  letting  it  fwim  on  the 
Water.  After  that,  if  we  hold  a  Piece  of  Iron  at  a  cer¬ 
tain  Diftance,  we  fhall  fee  the  little  Boat  move  on  the 
Water,  and  the  Load-ftone  come  and  join  it  felf  to  the 

Iron. 

Vol.  II.  L  2 
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4.  That  tbt  4.  The  carefully  making  this  Experiment,  has  occafi- 

onec^  tbc  Difcovery  of  another  Property  of  the  Load-ftone, 
tojum  its  as  furprifing  as  any  of  the  former ;  and  that  is,  that 
Poles  and  its  when  the  Load-ftone  is  alone  in  its  Boat,  and  at  Liberty 
particular*  to  place  lt  in  that  Situation  which  is  moft  convenient 
Situation,  for  it ;  it  always  has  a  Tendency  one  particularWay,  and 
turns  it  felf  towards  one  Part,  and  feems  by  that  Means 
to  affecft  one  particular  Situation  in  the  World.  For  it 
always  turns  one  of  its  Sides  towards  that  Part  of  the 
Horizon  which  we  call  the  Norths  and  the  oppofite 
Side  to  the  South  :  And  thefe  two  Parts  of  the  Load- 
ftone  are  thofe  they  call  its  Poles,  and  the  {freight  Line 
which  is  fuppofed  to  go  from  one  Pole  to  the  other  is 
called  its  Axis . 

5.  One  of  the  moft  furprifing  Properties  of  the  Load- 
ftone  yet,  is,  that  it  communicates  thofe  Properties  now 
mentioned  to  the  Iron  which  touches  it,  or  which  comes 

tus  to  Iron,  within  fuch  a  Diftance  of  it :  Infomuch  that  a  Piece  of 
Iron  which  has  been  touched  by  a  Load-ftone,  or  which 
has  palled  very  near  it,  will  lift  up  another  Piece ;  and 
has  alfo  its  Poles,  which  turn  towards  the  fame  Parts  of 
the  World  that  the  Poles  of  the  Load-ftone  do.  For 
Inftance,  a  Knife  which  has  been  rubbed  upon  a  Load- 
ftone,  will  take  up  Needles  and  Nails  of  Iron  or  Steel, 
and  the  Needles  of  Mariners  Compafles  will  turn  to¬ 
wards  the  North  and  South,  and  the  Extremities  of  them 
will  point  to  thofe  Parts. 

6.  Upon  this  Occafion,  I  fhall  make  fome  Obferva- 

ire  a  Pew  t!ons  t^lat  are  great  Importance.  And  the  firft  is, 
Vrto  itfc  up  that  a  Knife  rubbed  upon  a  Load-ftone,  will  have  more 
a  larger  or  lefs  Power  to  lift  up  Iron,  according  to  the  Part  upon 
Quantity  of  w]1jc]1  \t  [ s  rubbed  ;  and  that  it  will  lift  up  moft  of  all, 
it  be  touched  when  it  is  rubbed  upon  one  of  the  Poles,  and  moved  up- 
in  one  parti-  on  it  Length-ways  from  the  Handle  to  the  Point.  Thus 
cularman -  •£  the  Body  G  reprefents  a  Load-ftone,  the  Poles  of 
Tab.  xiv.  which  are  A  and  B  ;  the  Knife  C  D  will  acquire  the 
Fig.  6.  greateft:  Force  of  all  to  lift  up  Iron,  if  it  be  drawn  along 
the  Line  FE,  fo  that  the  Part  neareft  the  Handle,  touch 
the  Load-ftone  firft,  and  the  Point  touch  it  laft. 

7.  The  fecond  Obfervation  is,  that  if,  after  it  has  been 
touched  upon  the  Load-ftone  in  this  manner,  and  acqui¬ 
red  the  greateft  Virtue  to  lift  up  Iron,  it  be  rubbed  the 

Way,  it  will  contrary  Way,  that  is,  if  it  be  moved  upon  the  fame 
virtue th£  Load-ftone,  from  the  Point  to  the  Handle  ; 

•which  it  had  we  fhall  with  furprife  find,  that  it  will  in  a  Moment  lofe 
acquired,  2  all 
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all  the  Virtue  which  it  had  acquired,  and  not  be  able  to 
lift  up  any  Iron  at  all. 

8.  Thefe  Obfervations  regard  the  Attractive  Virtue  of  poinffthe 
the  Load-ftone,  as  it  is  called;  but  as  to  the  Directive  Needle does  - 
Virtue ,  that  is,  the  Virtue  by  which  it  places  it  felf  in  a  not  turn  it 
particular  Situation  with  refpeft  to  the  Heavens  ;  it  is  to  pjtin 

be  obferved  firft,  that  the  Point  of  the  Needle  of  a  Com-  Horizon, 
pafs,  which  has  been  touched  upon  one  of  the  Poles  of  a  ™  ^  tht‘ 
Load-ftone,  turns  to  the  oppofite  Part  of  the  Heavens  tl°uect>edwiit> 
which  the  Pole  it  felf  turns  to.  For  Inftance,  if  one  turn « to. 
End  of  the  Needle  touched  the  South- Pole  of  the  Load-  <u,ardi' 
ftone,  that  End  will  turn  to  the  North. 

9.  We  may  obferve  further,  that  what  has  been  wrote  9  -  '*** 

by  fome  Perfons,  viz.  That  the  Point  of  the  Needle  ^ej[ '  e 
which  has  been  rubbed  upon  the  Load-ftone  and  turns  which  turns 
towards  the  North,  raifes  itfelf  up  towards  the  Pole-Star, 

is  not  true  ;  but  on  the  contrary,  it  bends  towards  the  ciinet  \0_  ~ 
Earth,  as  if  that  Side  was  become  the  heavieft.  wards  the 

10.  The  Needles  in  Compafles  are  by  no  Means  pro-  \a0rtb^hat 
per  toftiow  us  how  much  this  Inclination  of  the  North-  tbeH^uantity 
Point  towards  the  Earth  is,  becaufe  their  Center  of  of  this  i»cii. 
Gravity  is  a  great  Way  below  the  fixed  Point  upon  which  nait6n  "• 
they  turn :  Wherefore  I  caufed  a  Needle  to  be  made 

very  ftreight,  and  through  the  Middle  of  it  I  put  a  fmall 
Brafs-Wire  at  right  Angles  to  it,  which  ferved  to  fupport 
the  Needle  upon  two  fmall  Pivots^  in  the  fame  manner  as 
the  Beam  of  a  Ballance  is  fupported  by  the  Handle ;  both 
Sides  were  equally  heavy  at  firft,  fo  that  it  continued  ex¬ 
actly  in  ./Equilibrio,  but  after  it  was  touched  by  a  Load- 
ftone  and  placed  in  the  Plain  of  the  Meridian,  the  Pole 
which  was  turned  towards  the  North,  weighed  down  on 
a  fudden,  and  did  not  ftand  ftill  till  it  inclined  to  the  Ho-. 
rizon  near  feventy  Degrees. 

11.  Thefe  are  fo  many  of  the  Phenomena  of  then.  7  hat  the 

Load-ftone,  as  are  a  fufficient  Ground  for  us  to  argue  . 

upon,  in  order  to  find  out  what  the  true  IN  ature  of  it  yurpnjing  ?« 
is  ;  and  that  there  may  be  no  Miftake,  we  muft  take  care  aLoadfone, 
not  to  mix  our  own  Prejudices,  with  the  Fadls  and  Ex- 
periments.  Wherefore,  to  fpeak  lincerely,  and  not  to  be  caiMttw u 
over-hafty  in  judging,  we  muft  freely  own,  that  all  the 
Experiments  which  have  been  made  of  the  L°ad-ftone, 

and  which  have  raifed  our  Admiration  fo  much,  are  no- 
•  thing  elfe  but  local  Motion  ;  Thus,  for  Example,  when 
we  fay  that  the  Load-ftone  draws  the  Iron,  we  can 
difeover  nothing  elfe  by  our  Sight,  but  only  that  the  Iron 
moves  locally  towards  the  Load-ftone  ;  io  likewife,  when 
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we  fay,  that  the  Load-ftone  has  a  T  endency  to  one  par¬ 
ticular  Situation  in  the  World ;  all  that  appears  to  us  is, 
that  when  it  is  out  of  this  Situation,  it  moves  it  felf  lo¬ 
cally  till  it  is  got  into  it,  and  then  it  continues  at  reft. 
This  being  granted,  we  may  affirm  with  Truth  and  Con¬ 
fidence,  that  to  fearch  out  whence  the  Properties  of  the 
Load-ftone  proceed,  is  nothing  elfe,  but  only  propofing  to 
our  felves  to  find  out  the  Caufe  of  certain  local  Motions 
which  are  made  when  the  Iron  is  placed  near  the  Load- 
ftone,  or  the  Load-ftone  near  the  Iron. 

12.  And  in  order  hereunto,  if  we  look  back  to  the 
general  Caufes  of  Motion,  that  is,  if  we  examine  what 
that  is  which  makes  a  Body  which  was  not  in  Motion 
to  begin  to  move,  we  fhall  find  that  Philofophers  gene¬ 
rally  affign  two  Caufes,  viz.  Impulfe  and  Attraction.  The 
firft  of  thefe  we  can  clearly  conceive,  and  it  follows 
from  this  Principle,  acknowledged  by  every  Se<ft  of  Phi¬ 
lofophers,  That  the  Parts  of  Matter  are  impenetrable  by 
each  other ,  and  that  a  Body  cannot  move  towards  any  cer¬ 
tain  P lace ,  without  pujhing  forward  or  difplacing  other  Bo¬ 
dies  which  are  in  its  Way. 

13.  Attraction ,  taken  in  the  Senfe  of  Philofophers  for 

a  particular  Caufe  of  Motion  different  from  Jmpulfe ,  is 
as  was  before  obferved,  a  Thing  very  obfcure,  or  rather 
a  Thing  that  we  have  no  Idea  of.  For  though  we  may 
imagine  that  there  are  fome  particular  Sorts  of  Motion 
which  may  very  well  be  explained  by  Attraction  \  yet  this 
is  only  becaufe  we  carelefsly  afcribe  that  to  Attraction , 
which  is  really  done  by  Impulfe.  Thus  when  we  fay  that 
a  Horfe  draws  the  Chariot  to  which  he  is  harneffed,  it 
is  really  no  more  than  this  ;  that  the  Chariot  is  fo  faft- 
ened  to  a  Collar,  that  the  Horfe  cannot  bear  forward  but 
he  muft  prefs  upon  the  Collar,  and  conlequently  move 
the  Harnefs  and  Chariot  which  are  fixed  to  it.  So  like- 
wife,  there  is  no  Difficulty  in  the  ufe  of  Syringes,  Pumps 
and  Syphons,  when  we  once  come  to  underftand,  that  the 
Motion  of  heavy  Liquors  upwards  is  really  done  by  Im? 
pnlfe.  '  . 

14.  I  do  not  now  undertake  to  prove  that  the  At- 
t ra ^  ‘lon  fp°ken  °f  hy  Philofophers,  is  a  Thing  purely 

the  Loud,  chimerical ;  that  would  carry  me  too  far  from  my  SubjedE 
Com  are  fro.  But  becaufe  Impulfe  is  a  Thing  very  familiar  to  us,  and 

we  can  eafily  underftand  ;  I  fhall  therefore  make 
Matter.  ufe  of  Impulfe  only,  for  the  Explication  which  I  intend 
to  give  of  the  Properties  and  Effects  of  the  Load-ftone. 
Let  us  imagine  then  that  \vhen  the  Iron  moves  to-- 
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wards  the  Load-ftone,  or  the  Load-ftone  towards  the  Iron, 
that  it  is  becaufe  there  is  fomething  which  impels  thefe 
Bodies  towards  each  other ;  and  becaufe  it  is  very  ufuai 
and  very  eafy  for  us  to  conceive,  that  a  Body  which  is 
in  Motion  can  impel  another  Body  ;  let  us  imagine,  that 
that  which  impels  the  Iron  towards  the  Load-ftone,  or 
the  Load-ftone  towards  the  Iron,  is  a  third  Body,  or  ra¬ 
ther  a  certain  Matter  which  is  in  Motion,  and  which  is 
very  fubtle,  becaufe  it  cannot  be  perceived  by  our  Senfes. 

15»  Though  we  are  at  Liberty  to  fuppofe  fuch  a  fub¬ 
tle  Matter  as  this,  yet  we  are  not  at  Liberty  to  afcribe 
what  fort  of  Motion  we  pleafe  to  it.  The  particular  Si¬ 
tuation  which  Load-ftones  or  Needles  rubbed  on  Load- 
ftonestake,  (they  always  turning  to  the  North  or  South,) 
forces  us  to  acknowledge  that  this  Matter  either  moves 
from  North  to  South,  or  from  South  to  North,  or  per¬ 
haps  both  Ways.  Further,  the  Inclination  of  the  Nee¬ 
dle  after  it  is  touched  by  the  Load-ftone,  whereby  it 
tends  towards  the  Earth  on  the  North-Side,  muft  make 
us  think,  that  the  Matter  which  moves  from  North  to 
South,  moves  upwards,  and  that  the  Matter  which  moves 
from  South  to  North,  moves  downwards. 

16.  All  this  might  pafs  only  for  Conjecture,  if  we  had 
not  elfewhere  fhown,  that  there  muft  neceflarily  be  fome 
Matter  which  has  thefe  Properties.  For  if  we  call  to 
Mind  that  Matter  which  we  formerly  faid  defcended 
from  the  Heavens,  out  of  thofe  Parts  which  are  near 
the  Poles  of  the  Earth’s  Vortex  in  the  Form  of  a  great 
many  little  Screws,  which  enter  into  the  Body  of  the 
Earth  through  the  Pores  which  are  parallel  to  its  Axis, 
we  (hall  have  Reafon  to  think  that  this  Matter  is  capa¬ 
ble  of  producing  thefe  Effects  :  For  thofe  of  thefe  little 
Screws  which  are  entered  in  through  the  Northern  He- 
milphere,  when  they  come  out  into  the  oppofite  Hemis¬ 
phere,  cannot  but  do  one  of  thefe  three  Things  ;  viz.  ei¬ 
ther  they  muft  continue  to  move  {freight  on  into  the 
Heavens,  or  they  muft  return  back  immediately  into  the 
Earth,  or  elfe  they  muft  go  round  about  its  Superficies 
in  the  Plains  of  different  Meridians,  and  fo  mixing  with 
the  coeleftial  Matter  enter  again  into  the  fame  Pores 
which  they  before  pafted  through.  Now  the  firft  of 
thefe  is  impolfible,  becaufe  the  Interftices  which  are  be¬ 
tween  the  Globules  of  the  fecond  Element  that  is  in  thefe 
Places,  are  already  filled  with  the  fame  fort  ©f  Matter, 
which  has  a  perpetual  Tendency  to  defcend  towards 
$he  Earth,  So  like  wife  it  is  impolfible,  that  thefe  lmall 
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Screws  fhould  return  back  again  into  the  Earth,  either 
through  the  fame  Pores  which  they  came  out  at,  by  go¬ 
ing  the  direct  contrary  Way  to  what  they  went  before  ; 
becaufe  thefe  Pores  are  always  full  of  the  fame  fort  of 
Screws,  which  have  a  perpetual  Tendency  to  go  out  j 
or  through  the  Pores  into  which  thofe  Particles  which 
defcend  immediately  from  the  Heavens  enter,  becaufe 
thefe  laft  fort  of  Screws  being  turned  the  contrary  W ay 
to  the  other,  require  Pores,  the  Nuts  of  which  are  for¬ 
med  quite  different,  fo  that  what  will  pafs  through  the 
one  will  not  pafs  through  the  other.  We  muff:  conclude 
therefore,  that  this  Matter  continues  to  move  along  the 
Surface  of  the  Earth,  in  the  Plains  of  all  the  Meridians 
in  order  to  re-enter  into  the  fame  Places  which  it  entered 
in  at  before. 

17.  What  has  been  faid  of  the  Matter  which  enters 
into  the  Earth  out  of  the  Northern  Hemifphere,  ought 
equally  to  be  underftood  of  that  Matter  which  enters  into 
it  out  of  the  Southern  Hemifphere.  But  it  is  to  be 
obferved,  that  when  I  fpeak  of  the  Surface  of  the  Earth 
upon  which  this  Matter  continually  moves,  I  mean  that 
of  the  Interiour  Earth;  For  I  not  only  place  the  Air  above 
this  Surface,  but  alfo  a  confiderable  Thicknefs  of  that  out¬ 
ward  Earth  upon  which  we  dwell,  which  is  as  it  were  a 
Cruft  or  Bark,  which  contains  in  it  the  inward  Earth 
So  that  the  Matter  which  we  are  fpeaking  of,  and  which 
we  fhall  hereafter  call  the  magnetick  Matter,  moves 
within  this  exteriour  Earth,  in  the  fame  manner  as  it 
does  in  the  Air,  and  in  both  of  them  it  moves  the  con¬ 
trary  Way  to  what  it  does  in  the  internal  Earth, 

18.  This  being  fuppofed,  we  may  imagine  the  parti¬ 
cular  Form  of  the  Load-ftone  to  confift  herein  ;  that 
there  are  an  innumerable  Multitude  of  Pores  made  in  this 
Stone  which  are  parallel  to  each  other,  fome  of  which  are 
of  the  Shape  of  the  Nuts  of  Screws  which  let  the  fmall 
Screws  that  come  from  the  North-Pole  enter  in,  and  o- 
thers  of  the  Shape  of  fuch  Nuts  as  will  let  thofe  little 
Screws  which  defcend  from  the  South-Pole  pafs  through 
them. 

19.  As  to  the  Iron  or  Steel ;  we  can  eafily  conceive 
that  they  have  alfo  both  thefe  Sorts  of  Pores,  but  that 
they  are  commonly  flopped  by  the  fineft  Parts  of  the 
Metal  which  ftick  up  in  them  like  fo  many  little  Hairs ;  fo 
that  we  may  call  Iron  an  imperfedf  Load-ftone,  and  affirm 
them  to  be  both  the  fame  fort  of  Bodies.  Which  is  con¬ 
joined  by  what  was  before  faid,  that  Load-ftones  are 

found 


169 


Chap.  3.  ©/Natural  Philosophy. 

found  in  the  Iron  Mines,  and  that  they  may  be  convert-» 
ed  into  a  very  fine  Steel  by  the  Help  of  Fire. 

20.  The  only  Difference  that  I  need  take  Notice  of  20< 
here  between  Iron  and  a  Load-ftone,  is  that  Iron  is  very  Difference 
pliable,  and  that  its  Parts  can  be  bent  backwards  and  for-  bet™ecn  lr0H 
Wards  feveral  Times  together  before  it  will  break;  where-  *  L°ad~ 
as,  the  Loadftone,  is  very  ftiff,  and  its  Parts  will  not 

pend  without  breaking. 

21.  The  few  Suppofitions  which  I  have  made  in  order  21.  why  the 
to  explain  the  Nature  of  Iron  and  of  the  Load-ftone,  Load-ftone 
are  nothing  compared  with  the  great  Number  of  Pro^t“rn,.t0,°”e 
perties,  which  I  am  going  to  deduce  from  them,  and  jpartlntbe 
which  are  exactly  confirmed  by  Experience.  The  firft  Beavew* 
that  offers  itfelf,  is  the  Situation  of  the  Load-ftone  it- 

felf  and  of  Needles  touched  by  it,  which  fo  order  them- 
felves,  that  one  of  their  Poles  looks  towards  the  North* 
and  bends  on  that  Side  towards  the  Earth,  and  the  other 
Jooks  towards  the  South,  and  raifes  itfelf  up  to  the  Hea** 
yens.  And  this  muft  neceffarily  be  ;  becaufe  if  the  Load- 
ftone  be  in  any  other  Situation,  the  Magnetick  Matter 
will  in  vain  ftrike  againft  its  Superficies,  and  not  be  able 
to  enter  in,  and  fo  will  caufe  it  to  alter  its  Situation  till 
the  Length  of  its  Pores  coincide  with  the  Lines  defcribed 
by  the  magnetick  Matter.  After  which  it  is  manifeft, 
that  it  muft  continue  in  this  Situation,  becaufe  it  no  lon¬ 
ger  makes  any  Refiftance  to  the  Motion  of  the  Magne¬ 
tick  Matter. 

22.  Now  becaufe  the  Inclination  of  the  Line  deferi-  ax.  Thatebt 
bed  by  the  magnetick  Matter,  is  different  in  different  ^btmeea 
Places  of  the  Earth’s  Superficies,  fo  that  the  nearer  we  are  have  the 
to  the  Equinoctial  Line,  the  nearer  it  is  to  being  parallel  fame  Situa - 
to  this  Superficies ;  and  to  thofe  who  are  under  this 

Line  it  is  exactly  parallel  to  their  Horizon,  and  to  thofe 
who  live  in  the  Southern  Parts  of  the  Earth,  it  inclines 
the  contrary  Way  to  what  it  does  in  the  Northern  Parts  ; 
it  follows,  that  the  Load-ftone  or  the  Needle  touched  by 
it,  ought  not  to  have  the  fame  Inclination  every  where ; 
but  that  whereas  the  End  of  the  Needle  which  points 
towards  the  North,  inclines  to  the  Horizon  about  feventy 
Degrees  at  Paris ;  this  Inclination  ought  to  be  found  fo 
much  lefs  as  the  Places  where  the  Obfervation  is  made, 
are  nearer  to  the  Equator  ;  That  under  the  Equator 
there  ought  to  be  no  Inclination  at  all,  and  that  be¬ 
yond  the  Equator  that  End  which  points  towards  the 
South  ought  to  incline  towards  the  Earth.  All  which 
have  been  confirmed  by  an  infinite  Number  of  Experi¬ 
ments 
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merits  made  by  a  great  many  Pilots,  who  never  dreamt 
of  philofophizing  about  the  Nature  of  this  Stone.  For 
when  they  had  fo  ordered  the  Paft-boards  of  their  Com- 
paffes  in  which  the  Needles  are  inclofed,  that  they  might 
•hang  in  equilibrio  upon  their  Pivots,  before  they  were 
touched  upon  the  Load-ftone  •  and  when  they  had  put 
pieces  of  Wax  upon  thofe  Ends  of  the  Pafte-boards 
which  looked  towards  the  South,  to  hinder  the  Needles 
from  inclining  after  they  were  touched  ;  in  order  to  pre- 
ferve  this  Equilibrium,  they  have  been  forced  to  take  off 
thefe  pieces  of  Wax  by  Degrees  as  they  drew  nearer  to  the 
equinoctial  Line,  and  to  put  them  on  the  other  Side  of 
the  Pafte-board  as  they  went  Southward  of  the  Line. 
All  which  is  a  certain  Sign,  that  without  this  Wax,  the 
Needle  would  have  had  all  thofe  different  Inclinations, 
which  we  have  mentioned  above. 

*3.  Why  the  23*  It  is  evident  that  the  magnetick  Needle  (whatever 
magnetick  be  done  to  it  fo  make  it  parallel  to  the  Horizon  where 
we  are )  therefore  points  to  the  North  and  South,  be- 
caufe  the  magnetick  Matter  which  comes  out  of  the 
Earth  moves  from  the  North  to  the  South  at  the  fame 
Time  that  it  afeends  upwards}  and  becaufe  this  Matter 
is  turned  out  of  its  Way  lefs,  when  it  enters  into  an  ho¬ 
rizontal  Needle  fituate  in  the  Plain  of  the  Meridian,  than 
if  the  fame  Needle  were  in  the  Plain  of  any  other  Azi- 
7nuth ;  And  hence  it  follows,  that  if  a  Compafs  be  car¬ 
ried  very  near  to  either  of  the  Poles  of  the  Earth,  the 
Needle  will  turn  it  felf  indifferently  to  any  Part  of  the 
Heavens,  becaufe  in  thefe  Places  the  magnetick  Matter 
moving  in  Lines  perpendicular  to  the  Surface  of  the  Earth, 
it  will  not  turn  it  felf  to  enter  into  an  horizontal 
Needle  any  more  when  it  points  toward  the  North,  than 
when  it  points  towards  any  other  Part  of  the  Heavens. 
And  this  was  found  true  by  certain  Dutch  Pilots,  who  at¬ 
tempted  to  find  a  North  Paifageinto  the  Eaji-Indies  ;  for 
when  they  came  pretty  near  the  Pole,  their  Com  paffes 
were  of  no  ufe  to  them,  becaufe  the  Needle  turned  to 
all  Parts  of  the  Heavens  indifferently. 

24.  Having  thus  fpoken  of  the  Load-ftone  and  of 
magnetick  Needles  with  refpeCt  to  the  Earth,  let  us  now 
compare  two  Load-ftones  together,  and  fee  what  ought 
therfrom  it.  to  happen  when  they  are  placed  by  each  other  in  diffe- 
Tnb-  xiv.  rent  Manners.  And  firft,  let  us  fuppole  a  Load-ftone  as 
C,  fwimming  upon  the  Water  in  a  little  Boat,  in  which 
it  is  fo  fituated,  that  its  Axis  is  perpendicular  to  the  Ho- 
?izon5  and  the  Pole  which  at  other  T  imes  turns  it  felf 
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towards  the  North,  is  turned  towards  the  Earth,  and  its 
oppofiter  Pole  b,  towards  the  Heavens  5  then  let  us  fup- 
pofe  another  Load-ftone  as  D,  whofe  Pole  B  is  that  which 
commonly  turns  towards  the  South,  be  prefented  to  the 
Pole  b  of  the  former  Load-ftone.  This  being  done,  we 
muft  confider,  that  the  magnetick  Matter,  which  enters 
in  at  A,  and  comes  out  at  B,  may  alfo  enter  in  at  a,  and 
come  out  at  B,  but  cannot  enter  in  at  b,  and  come  out  at 
a;  becaufe  the  magnetick  Matter  which  comes  out  of 
the  Earth  perpetually,  and  moves  from  a,  to  b,  always 
hinders  it  ;  and  becaufe  there  are  certain  Particles  in  the 
Pores  of  every  Load-ftone  which  like  fo  many  fmall 
Hairs  are  placed  in  fuch  a  manner  as  freely  to  open  a 

Paffage  for  the  magnetick  Matter  when  it  moves  one  .  . . 

Way  ;  but  to  rife  up  and  flop  the  Pores,  if  the  magne¬ 
tick  Matter  attempts  to  move  the  contrary  Way.  For 
the  fame  Reafon  we  ought  to  conclude,  that  the  magne¬ 
tick  Matter  which  comes  out  of  the  Pole  B  of  one  Load- 
ftone,  cannot  enter  into  the  Pole  b  of  the  other  Load- 
ftone.  So  that  the  Motion  and  Effort  made  by  the  Mat¬ 
ter  which  comes  out  of  thefe  Stones,  tends  to  make  them 
pufh  and  drive  away  each  the  other,  fo  that  that  which 
is  at  Liberty  in  the  Water,  runs  away,  as  if  they  were 
at  Enmity  with  one  another. 

25.  Let  us  fuppofe  again,  that  the  Load-ftone  C  fwims  25*  Bowm 
upon  the  Water  as  before,  and  whereas  the  Pole  B  was  fUm^ 
then  prefented  to  the  Pole  b,  let  the  Pole  A  be  now  draw  a*o- 
prefented  to  the  Pole  b,  fo  that  the  North-Pole  of  one  tber  t0  it% 
Stone  may  be  againft  the  South-Pole  of  the  other.  This 
being  done,  we  are  affured  in  the  firft  Place,  that  the 
magnetick  Matter  which  comes  out  at  A  being  able  to 
enter  in  at  b,  and  that  which  comes  out  at  b  being  able  to 
enter  in  at  A,  there  can  be  no  Reafon  why  thefe  two 
Stones  ftiould  remove  from  each  other.  On  the  contra¬ 
ry,  if  we  confider  that  the  magnetick  Matter,  which 
paffes  reciprocally  out  of  one  of  thefe  Stones  into  the  o- 
ther,  is  continually  driving  away  the  Air  which  is  be¬ 
twixt  them,  and  which  croffes  its  Paffage,  in  order  to 
make  Way  for  it  feif  to  move  more  freely  j  and  becaufe 
the  World  is  full,  this  Air  having  no  where  to  retire  but 
behind  the  Stones,  where  by  preffing  upon  them  it  makes 
them  draw  nearer  each  other,  that  the  magnetick  Matter 
may  move  with  the  greater  Eafe  :  Hence  we  may  eafi- 
ly  forefee,  that  that  Stone  which  is  at  Liberty,  muft  be 
impelled  towards  the  other,  by  the  Air  which  is  driven 
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out  of  its  Place,  fo  that  it  will  feem  to  be  drawn  by 
it(x). 

26.  Since  we  acknowledge  that  the  internal  Earth  has 
exactly  the  fame  Pores  as  thofe  from  which  the  Nature 
of  the  Load-ftone  arifes,  we  may  affirm  with  others  that 
the  Earth  is  a  great  Load-ftone.  Wherefore,  if  we  confi- 
der  that  it  is  the  &?a/^-Pole  in  one  Load-ftone,  which 
turns  it  felf  to  the  North- Pole  in  the  other  Load-ftone, 
and  the  North- Pole  which  turns  it  felf  to  the  South- Pole  ; 
we  muft  allow,  that  in  the  Load-ftone,  it  is  the  South * 
Pole  which  looks  towards  the  North ,  and  the  North- Pole 
which  looks  towards  the  South. 

27.  Fox  the  fame  Reafon  that  one  Load-ftone  moves 
towards  another,  Iron  when  it  is  at  a  due  Diftance  ought 
to  approach  towards  a  Load-ftone  ;  if  the  Weight  be  not 
too  great,  or  if  it  be  not  hindred  by  fome  other  Caufe. 
For  Iren  being  it  felf  an  imperfect  Load-ftone,  it  be¬ 
comes  as  it  were  a  perfect  Load-ftone,  when  it  is  within 
the  Sphere  of  Activity  of  one  of  theie  Stones ;  becaufe 
the  magnetick  Matter  which  comes  from  thence,  opens 
the  Pores  of  the  Iron,  and  then  it  refembles  a  Load-ftone. 
And  what  we  have  now  faid  of  Iron  with  Refpetft  to  the 
Load-ftone,  holds  the  fame  concerning  the  Load-ftone 
with  Refpe<ft  to  the  Iron,  fo  that  either  of  them  that  is 
at  Liberty  muft  move  towards  the  other. 


(1)  The  learned  Mr.  Le  Clerc 
propofes  a  very  great  Difficulty  here. 
Pbyf.  Book  II.  Chap .  6.  SeSi.  5. 

*  Becaufe  a  Load-ftone  conftfts  of 
4  the  moil  folid  Matter  that  is, 
4  there  is  no  doubt  but  that  there 

*  are  a  great  many  more  folid  Parts 

*  than  there  are  Pores  in  it.  Where  - 
4  fore  when  two  Load-ftones  are 
f  placed  near  each  other,  the  mag- 
4  netick  Matter  which  comes  out  of 
4  one,  and  ftrikes  againftthe  other, 
f  finding  more  folid  Parts  than  Pores, 
4  ought  to  move  them  from  each 
'<  other.  For  the  Force  of  that  Mat¬ 
ter  which  daffies  ag-unft  the  folid 
f  Stone,  with  fo  much  Vehemence, 

*  and  in  fo  great  a. Quantity,  is 
4  greater  than  that-of  the  Air  can 

<  be,  which  it  moves  out  of  its  Piace, 

*  and  drives  to  the  external  Poles  of 
«  the  Load-ftone,  efpecialjy  if  we 

<  con fider  that  the  Air  abounds  with 
4  fo  many  Pores,  as  will  afford  this 


*  Matter  a  free  Paflage  through  it’. 
Thus  far  He.  But  firft,  if  one  of 
the  Load-ftones  be  never  fo  folid  a 
Body,  the  other  is  as  folid,  ard  there¬ 
fore  there  are  Pores  enough  in  the 
latter,  to  receive  all  the  Matter  that 
can  come  out  of  the  Pores  of  the  for¬ 
mer.  Secondly,  if  the  Pores  of  two 
Load-ftones  do  not  all  of  them  an* 
fwer  to  each  other,  yet  fome  of  them 
certainly  do,  and  therefore  part  of 
the  Matter  which  comes  out  of  one 
Stone  will  enter  into  the  Pores  of 
the  other,  and  the  reft  of  the  Mat* 
ter  will  be  very  far  from  being  able  to 
remove  them  from  each  other.  Bf* 
pecially,  when,  Thirdly,  it  has  re¬ 
moved  the  Matter  between  them  out 
of  the  Way  $  and  theietore  the  Mat¬ 
ter  which  is  beh  nd  the  Lo  d-ftones, 
muft  impel  them  towards  each  other. 
Though  perhaps  there  is  a  real  At- 
tratf  ion  between  them.  Seethe  Notes 
ck  Fart  Chap.  II.  sirt.  15. 
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28.  If  any  one  doubts  whether  the  Load-ftone  has  ibat  tb* 
any  Communication  with  the  Iron,  though  it  does  not  ^ymake 
immediately  touch  it,  he  may  eafily  be  fatisfied  in  this  fome  Altera* 
Particular  by  Experience.  For  if  he  takes  but  the  Needle  tl°n  *” tb^ 
of  a  Mariner’s  Compafs,  for  Inftance,  (which  is  converted  of" touching 
into  a  perfect  Load-ftone,  by  having  been  drawn  over  it, 

the  Pole  of  a  Load-ftone  one  particular  Way,)  and  draws 
it  the  contrary  Way  over  the  fame  Pole,  or  the  fame  Way 
over  the  contrary  Pole,  not  touching  the  Stone,  but  hold¬ 
ing  it  at  an  Inch  Diftance,  he  will  fee  the  Needle  turn  the 
quite  contrary  Way  to  what  it  did  before,  and  its  South- 
Pole,  will  become  its  North-Tole. 

29.  It  is  eafy  for  any  one,  who  underftands  how  the  29.  Row  a 
Load-ftone  draws  Iron,  to  fee  how  a  Knife  rubbed  up-  PteCe  °f [ron 
on  a  Load-ftone  lifts  up  Nails  and  Needles.  Neither  f  Load-jifne 
will  it  appear  at  all  ftrange  to  fuch  an  one,  that  when  the  draws  ano- 
fame  Knife  is  drawn  quick  over  the  Pole  of  the  Load-  ^ 
ftone  the  contrary  Way  to  that  it  palled  before,  it  com-  why  ’it  1 ofet 
monly  lofes  its  Vertue  of  drawing  or  lifting  up  Iron.  For  itf  Vertue 
we  know  that  the  Knife  became  a  perfetft  Load-ftone  only  fbe^Jntrary 
by  palling  at  firft  over  the  Pole  of  the  Load-ftone,  when  Way, 

the  magnetick  Matter  opened  its  Pores,  and  bent  down  the 
metallick  Parts  which  ftuck  in  them,  one  particular  Way  ; 
wherefore  it  is  eafy  to  imagine  that  it  muft  lofe  this 
Quality  of  a  perfedt  Load-ftone,  by  palling  over  that  Pole 
the  contrary  Way,  becaufe  the  magnetick  Matter  does 
the  contrary  to  what  it  did  before,  and  raifes  up  thofe  me¬ 
tallick  Parts  which  it  deprelfed. 

30.  And  this  will  appear  to  the  Eye  to  be  fo,  if  any  3°*  An 
one  has  the  Curiofity  to  make  or  to  fee  the  Experiment, 

For,  if  we  put  fome  Filings  of  Iron  or  Steel  upon  a  Piece  Alteration 
of  Paper,  and  move  a  Load-ftone  over  them,  we  fhall  fee 
the  Filings  place  themfelves  one  upon  another,  and  be-  make!  m  the 
come  like  fo  many  little  Hairs  bending  all  one  Way ;  and  Iron ,  when 
if  after  this,  we.  move  the  fame  Part  of  the  Load-ftone,  ^^ff^rar 
the  contrary  Way  under  the  Filings  ;  we  {hall  fee  the  Way, 
fame  Hairs  rife  up  and  bend  the  contrary  Way  to  what 
they  did  before. 

31.  The  Iron  would  not  deferve  the  Name  of  a  per-  31 ./That 
fed!  Loadftone,  if  we  did  not  fee  all  the  Properties  of  t°ff  edi 
a  Load-ftone  in  it.  Thus,  it  is  not  fufficient,  that  it  poneo°a.bt 
draws  Iron  as  we  fee  it  does,  nor  that  it  has  Poles  as  we  to  ba-ve  alt 
find  by  the  Needles  of  Mariners  Com  palfes :  its  Poles 

ought  alfo  to  turn  towards  or  to  turn  from  the  Poles  of  a 
Load-ftone,  as  we  have  feen  two  Load-ftones  do 
when  placed  near  each  other :  And  this  is  to  be  feen  evi¬ 
dently 
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dently  in  fewing-Needles ;  For  if  fuch  a  Needle  be  held 
by  a  Thread  at  a  certain  Diftance  from  a  Load-ftone,  it 
will  go  immediately  to  the  Load-ftone,  and  its  Point  will 
acquire  the  Vertue  of  the  Pole  oppofite  to  the  Pole  of  the 
Load-ftohe  to  which  it  is  joined  :  Thus,  if  it  joins  it  felf 
to  the  North- Pole  of  the  Load-ftone,  it  will  acquire  the 
Vertue  of  the  South-Pole,  fo  that  if  afterwards  the  South- 
Volt  of  the  Load-ftone  be  prefented  to  it,  it  Will  turn  a- 
way  from  it  as  if  it  had  an  Averfion  to  it. 

32.  This  is  what  fome  h&Ve  called  the  Sympathy  and 
Antipathy  betwixt  the  Load-ftone  and  Iron,  which  may 
be  obferved  another  Way.  If  we  take  al  Piece  of  a 
broken  fewing-Needle,  and  put  it  upon  a  Piece  of  Paper 
or  Glafs,  and  then  place  one  of  the  Poles  Of  a  good 
Load-ftone  underneath,  we  fhall  fee  the  Piece  of  Needle 
ftand  up  upon  one  End  ;  and  if  we  turn  the  other  Pole 
of  the  Load-Stone  to  it,  it  Will  immediately  change  its 
Situation,  and  turn  the  other  End  up. 

33.  But  it  is  to  be  obferved,  that  if  the  Point  of  the 
Needle  hanging  upon  a  Thread  (which  we  mentioned  juft 
now)  be  made  to  touch  the  Pole  of  the  Load-ftone  which 
it  feein’d  to  flee  from  before  ;  then  it  will  afterwards  go 
towards  this  Pole  and  flee  from  the  other.  The  Reafon 
of  which  is,  becaufe  the  great  Quantity  of  magnetick 
Matter  which  comes  out  of  the  Load-ftone  with  Violence, 
forces  that  fmall  Quantity  which  pafles  through  the  Pores 
of  the  Needle  to  go  back  and  to  move  the  contrary  Way 
to  what  it  did  before ;  to  which  the  Supplenefs  of  the 
Parts  of  the  Iron  or  Steel  contributes,  becaufe  they  will 
very  eafily  bend,  fo  as  to  make  no  Refiftance  at  all  to  the 
new  Determination  of  the  magnetick  Matter. 

34.  The  Parts  of  the  Load-ftone  being  very  ftiff,  it  is 
impofiible  to  bend  them,  or  alter  them  from  what  they 
were  at  the  firft  Formation  of  the  Stone.  So  that  the 
magnetick  Matter  muft  always  pafs  the  fame  Way  in  them. 
And  that  which  is  once  the  North- Pole  of  a  Load-ftone, 
ought  never  to  become  the  South- Pole,  by  being  placed 
before  the  iSW/;-Pole  of  a  bigger  Stone.  And  this  alfo  is 
confirmed  by  Experience. 

35.  By  all  that  has  been  hitherto  faid,  it  is  eafy  to  fee  ; 
that  all  the  Vertue  which  is  aferibed  to  a  Load-ftone, 
ought  to  be  aferibed  to  the  magnetick  Matter  which  pafles 
through  it  :  But  becaufe  this  Matter  pafles  out  of  the 
Earth  into  the  Load-ftone  through  the  Air,  it  follows, 
that  if  a  long  Piece  of  Iron  be  fo  plac’d  in  the  Air,  that 

its 
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its  Length  very  nearly  correfponds  with  any  of  thofe  Lines 
which  are  defcribed  by  the  magnctick  Matter ,  it  muft  in 
Time  acquire  the  fame  Vertue,  which  a  Load-done  by 
touching  it  gives  it  in  a  Moment.  And  this  we  find  to  be 
fo  in  all  Sorts  of  Iron,  which  has  for  a  long  Time  had 
one  End  turned  towards  the  Ground  or  towards  the 
North .  Thus  a  Pair  of  Tongs  which  we  take  up  the  Coals 
with,  and  which  we  generally  fet  upright,  always  has  at 
the  lower  End,  the  fame  Vertue  as  we  find  in  the  South - 
Pole  of  a  Load-ftone,  and  it  will  attradf  the  North- Pole 
of  a  Mariner's  Compafs-Needle,  that  is,  that  Pole  which 
looks  towards  the  South ,  and  the  upper-end  has  the  Vertue 
of  the  North- Pole,  and  will  attradf  the  South-Pole  of  the 
Needle,  or  that  Pole  which  looks  towards  the  North. 

36.  It  is  to  be  obferved,  that  in  Order  for  thefe  Expe-  36.  Thar 
riments  to  fucceed,  the  Pofition  of  the  Tongs  muft  not  aiten»g 
be  changed  ;  for  if  they  be  turned  upfide  down,  that  End  ^(Tiron 
which  is  next  the  Ground,  will  acquire  the  contrary  Ver-  changes  the 
tue  to  what  it  had  before,  becaufe  the  magnetick  Matter  v'rtue  °f 
will  take  a  different  Courfe  in  the  T ongs,  and  move  the  ?  e  1  °/es" 
contrary  Way  to  what  it  did  before :  Thus,  that  End,  for 
Example,  which  before  attracted  the  South- Pole  of  the 
Needle,  will  now  attract  the  North- Pole. 

37/  Now  upon  confidering  the  Vertue  which,  the  Iron  37,//ow/f 
acquired  in  Length  of  Time  only  by  its  Situation  with  ««j  «*  a 
Refpedt  to  the  Earth ;  I  imagined  that  a  long  {lender  **^*^"~ 
Piece  of  Steel  might  be  made  to  acquire  the  fame  Ver-  virtue  of  a 
tue  immediately  if  after  it  was  heated  red-hot  in  the  Fire, 
it  were  dipped  into  the  Water  perpendicularly  ;  For  I  Load;fionf 
thought,  that  when  the  whole  Piece  of  Steel  was  thus  ing  touched 
in  the  Fire,  its  Parts  would  be  made  very  flexible,  and  con-  b on 
fequently  (1)  might  eafily  be  bent  by  the  magnetick  Mat¬ 
ter  fo  as  to  make  no  Refiftance  to  its  Paffage  thro'  it  ;  af¬ 
ter  which,  being  cooled  all  on  a  fudden  in  the  Water,  I 
conceived  that  the  great  Hardnefs  which  it  acquired  by 
this  Means,  would  make  it  keep  every  Thing  the  more 
ftrongly  in  that  State  they  were  put  into  5  And  indeed  I 
was  not  deceived  in  my  Conjetfture  5  for  I  found  in  the 
firft  Place,  that  the  Steel  thus  tempered,  preferved  at 

(1)  Might  eafily  be  bent ,  &c.)  South- Pole,  becaufe  when  its  Parts 
So  Jikewife,  if  an  Iron  Rod  be  held  are  .Tiaken  in  this  manner,  they  are 
perpendicularly,  and  the  upper-End  the  eafier  moved  out  of  their  Places, 
of  it  be  ftruck  with  a  Hammer,  and  open  a  Paffage  for  the  magnetick 
that  upper-End  will  become  the  Matter, 
ib  orih-Pole*  and  the  lower-  End  the 


each 


vj6 


RO  HAU  LFs  System  Part  III. 


each  End  the  Vertue  of  that  Pole,  which  it  acquired  in 
the  tempering  ;  and  that  the  End  which  was  towards  the 
Ground,  while  it  was  tempering,  continued  to  be  always 
the  South-Vole.,  though  it  were  afterwards  turned  upfide 
down.  Secondly ,  I  obferved  that  this  Steel  had  not  only 
a  Power  to  move  the  Needle  of  a  Sea-Compafs,  which 
is  very  eafy  to  move  becaufe  it  turns  upon  a  Pivot  ;  but 
that  it  would  take  up  and  carry  along  with  it,  as  much 
Filings  of  Iron  or  Steel  as  it  would  have  done  if  it  had 
been  touched  by  a  Load-ftone  of  a  moderate  Strength. 
ebat'ifit'f  38.  Further,  to  take  away  all  Sufpicion  that  the  Piece 
only  the  si-  of  Steel  acquired  this  Vertue,  not  from  its  Situation  with 
tuation  of  Refpeft  to  the  Earth,  but  becaufe  the  lower-End  of  it 
vfbicbmtkes  Was  fir  ft  tempered  in  the  Water  ;  I  caufed  another  Piece 
it  acquire  to  be  heated  red-hot,  and  holding  it  fo  with  the  T ongs 
tbe  Vertue  perpendicular  to  the  Horizon,  I  poured  the  Water  upon 
Load  fine,  it  fo  that  the  upper-End  was  tempered  firft.  But  not- 
withftanding  this,  I  found  that  the  Ends  of  it,  acquired 
the  fame  Vertue,  as  they  did  when  tempered  in  the  for¬ 
mer  Manner. 


39.  Why  39.  may  perhaps  feem  ftrange  to  fome,  that  a 
fa* acquired  Piece  °f  Iron  which  has  been  for  a  great  many  Years 
the  Venue  of  together  in  a  Situation  proper  to  acquire  the  Vertue  of 
operfea  lifting  up  other  Iron,  fhould  yet  acquire  fo  fmall  a  De- 

loiUyettake  gree  °f  it,  that  the  Crofs  which  had  been  for  above  a 

up  but  a  lit-  hundred  Years  upon  the  Steeple  of  the  chief  Church  of 
tie  other  jyx  jn  provence^  having  been  blown  down  in  a  Storm 

and  broken  into  feveral  Pieces  ;  none  of  thefe  Pieces, 


Iron. 


though  pretty  large,  would  without  Difficulty  take  up  a 
very  fmall  Nail.  But  this  will  no  longer  appear  ftrange, 
if  we  confider  that  it  is  the  internal  Earth,  which  is 
very  deep  in,  that  we  efteem  as  a  great  Load-ftone ; 
and  that  the  greateft  Part  of  the  magnetick  Matter  which 
moves  about  it,  moves  within  the  external  Earth,  which 
is  like  a  Shell  and  contains  the  other  in  it ;  fo  that  but  a 
very  little  of  this  Matter  reaches  to  the  Surface  of  the 
Earth  ;  wherefore  there  always  paftes  a  great  deal  more 
of  it,  through  a  good  Load-ftone  than  there  does  through 
fo  much  Air  of  the  fame  Bulk.  Whence  it  follows 
evidently,  that  when  a  Piece  of  Iron  is  rubbed  upon  a 
Load-ftone,  a  much  greater  Number  of  its  Pores  are 
opened,  than  would  be  opened,  if  the  fame  Piece  of  Iron 
ftood  a  great  many  Years  in  the  Air  without  coming  near 
any  Load-ftone. 


40.  Now 
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40.  Nov/  to  prevent  all  the  Difficulties  which  might  *fbat 
here  be  railed,  we  muff  underftand,  that  befide  the  mag-  toere  ”  f/' 
netick  Matter  whicli  pafles  out  of  the  Earth  into  the  tel 
Load-ftone  in  Order  to  go  out  of  the  Load-ftone  into  the  neti^  Mat.* 
Earth  again,  there  is  always  a  certain  Quantity  of  this  gfa“trnJ”s 
Matter  which  moves  in  and  about  a  Load-ftone,  and  which  Load-pone , 
makes  a  Sort  of  a  Vortex  round  it.  The  Reafon  of 

which  is,  that  this  Stone  being  taken  out  of  the  Place 
where  it  is  generated,  as  full  of  the  magnetick  Matter  as 
it  can  be,  it  is  eafier  for  this  Matter  to  return  back  and 
enter  again  into  a  Body  whofe  Pores  are  all  open  to  it, 
than  for  it  to  continue  its  Motion  on  irt  the  liquid  Air,  the 
Parts  of  which  being  in  perpetual  Motion,  thofe  of  them 
which  dorhe  crofs  the  magnetick  Matter  are  no  fooner 
removed  by  it,  but  there  come  others  immediately,  and 
make  the  fame  Refinance  to  it.  , 

41.  But  left  any  one  fhould  think,  that  the  invifibie  4.x.  A  Proof 
Vortex  of  this  magnetick  Matter,  which  is  continually  tha^ there  is 
ittovirig  about  every  Load-ftone,  is  only  a  mere  Imagina-  Magnified 
tion,  and  not  a  real  Thing  exifting  in  Nature;  we  need  Matter 
only  obferve  the  different  Pofftion  of  the  Needle  of  a  Sea-  af>out  wry 
Compafs,  when  it  is  varioufly  expofed  to  a  Load-ftone  :  °a  ^°ne° 
For  we  fee,  that  when  it  is  right  againft  the  Poles  of  the 
Load-ftone,  the  Length  of  it  coincides  exadlly  with  the 

Axis  of  the  Load-ftone,  and  as  it  is  moved  round  it,  it  has 
different  Inclinations,  and  all  thofe  feveral  Sorts,  which 
we  before  faid  the  Needle  in  the  Compafs  has  in  all  the 
feveral  Places  of  the  Earth  which  are  under  the  fame 
Meridian. 

42.  We  fhall  be  ftill  further  convinced  of  this  Circu-  4*«  Another 
lation  of  magnetick  Matter  about  a  Load-ftone,  if  we 
confider  how  the  Filings  of  Steel  or  Iron  difpofe  them-  tbiu 
felves  when  they  are  let  fall  upon  a  Piece  of  Pafte-board  Tab‘XIV* 
which  has  a  Hole  in  it,  where  a  Load-ftone  is  fo  put  Fie’ 

that  its  Axis  is  exadfly  in  the  Plain  of  the  Pafte-board  -y 
for  the  Difpofition  and  Rangement  of  the  Filings  being 
exadlly  fuch  as  is  reprefented  in  the  Figure,  there  can  be 
no  Room  to  doubt,  but  that  befides  the  magnetick  Mat¬ 
ter,  which  paffes  along  the  Axis  AB,  and  which  goes 
ftreight  on  in  the  Air,  there  is  feme  other  alfo  which 
going  out  at  F,  G,  returns  by  I,  H,  towards  D,  E,  and  43>  7be 
alfo,  that  there  is  fome  which  comes  out  at  D,  E,  and  Poj,tknrof 
returns  by  I,  H,  towards  F,  G,  n* 

43.  Such  a  Sort  of  Order  or  Difpofition  as  is  here  re-.  Jntxtraw- 
prefented,  is  obferved  in  all  Load-ftones,  if  they  are  ho-  *y  Lo*<^ 
mogeneous  or  every  where  alike  :  But  if  they  are  not  fo, 
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^4.  73«  Al¬ 
teration 
'tubtcb  is 
made  in  the 
Steel- Duft 
fprinkled 
about  one 
Load  Jione 
by  another 
Load ■ Jtor.e* 
Tab.  XIV. 
Fig.  8. 


and  their  Veins  are  interrupted  or  irregular,  then  the  Duft 
will  range  it  felf  differently  according  to  thole  Veins  of 
the  Load-ftone.  And  this  I  have  tried  a  great  many 
Times  in  a  Load-ftone  like  that  drawn  in  the  Figure,  the 
Veins  of  which  went  winding  about,  very  irregularly, 
becaufe  they  were  interrupted  by  fome  foreign  Matter 
which  was  got  in  and  which  feparated  them.  For  having 
fet  it  in  Pafte-board,  and  let  the  Duft  fall  upon  it,  I  al¬ 
ways  obferved,  that  the  Duft  difpofed  it  felf  about  it,  not 
uniformly  every  where,  as  in  others,  but  very  diffe¬ 
rently,  according  to  the  Irregularity  of  the  Veins,  with 
which  it  began  a  great  many  different  Circles  in  fom© 
Places,  and  ended  them  in  others  j  Thus,  the  Duft  which 
fell  about  C,  made  Circles  With  the  Veins  A,  D,  and 
that  which  fell  about  E,  made  other  Circles  with  the 
Veins  B,  F. 

44.  The  Irregularity  which  appears  in  the  Difpofition 
of  the  Steel-Duft  about  this  extraordinary  Load-ftone,  is 
without  doubt,  a  very  ftrong  Argument,  that  there  is  a 
Vortex  of  magnetick  Matter  about  every  Load-ftone  : 
Let  us  now  try  if  we  can  forefee  what  ought  to  happen 
upon  differently  placing  another  Load-Stone  near  that  in 
the  Figure  belonging  to  Art .  42*  And  in  the  firft  Place, 
let  us  fuppofe  the  South- Pole  of  one  of  the  Load-ftones 
looking  to  the  North-?o\v  of  the  other' ;■  then  becaufe  the 
magnetick  Matter  Which  comes  out  of  one  of  thefe 


Load-ftones  is  capable  of  entring  into  the  other,  and 
will  rather  enter  into  it,  than  turn  about  and  go  back  to 
enter  in  where  it  went  through  before  ;  for  this  Reafon, 

I  fay,  the  Steel-Duft*  which  before  was  near  one  Pole 
of  the  firft  Load-ftone,  and  which  had  gone  forward  in  a 
ftreight  Line  in  the  A-iras  far  as  it  was  able,  and  then  turn¬ 
ed  it  felf  on  each  Side  and  bent  back  in  order  to  convey 
the  magnetick  Matter  round  to  the  Places  near  the  other 
Pole,  that  it  might  enter  there ;  ought  to  unbend  it  felf 
again,  in  order  to  go  ftreight  on  to  the  fecond  Load-ftone  j 
and  fo  we  find  by  Experience  that  it  does. 

45.  Another  45.  The  contrary  ought  to  happen,  if  the  AWth-Pols 
t*adeT°n  one  LoacLft°ne  be  applied  to  the  AV//;-Pole  of  the 
turning  the  other,  or  the  South-? o\q  of  the  one  to  the  South- Pole 
cppo/iuPole-  of  the  other.  For  then  the  magnetick  Matter  which 
comes  out  of  the  firft  Load-ftone  not  being  able  to  enter 
into  the  fecond,  will  alfo  not  be  able  to  go  on  freely  in  a 
ftreight  Line,  becaufe  it  will  meet  with  Refiftance  from 
She  Matter  which  comes  out  of  the  fecond  Load-ftone  j 

wherefore 
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wherefore  it  muft:  bend  and  turn  about  fooner  than  it 
would  otherwife  do  ;  and  fo  turn  back  the  Steel-Filings 
fhorter  than  they  were  before,  that  they  may  go  a  nearer 
Way  to  the  oppofite  Pole  of  the  firft  Load-ftone.  And 
fo  we  find  it  really  does. 

46.  The  AJteration  made  in  the  common  Difpofition  '  AnotItr 
of  the  Courfe  of  the  magnetick  Matter,  may  alfo  be  ob-  Jerlifg\befc 
ferved  in  another  Manner,  which  is  very  proper  to  give  Alteration j, 
us  a  true  Notion  of  it :  We  muft  take  a  Load-ftone  and 

put  one  of  its  Poles  to  a  Heap  of  Iron  or  Steel-Filings, 
fo  as  that  it  may  take  up  as  much  of  them  as  it  can  car¬ 
ry  ;  then  holding  the  Load-ftone  fo  that  the  Pole  which 
is  loaden  with  Filings  be  turned  towards  the  Earth,  let  the 
Poles  of  another  Load-ftone  be  alternately  applied  to  it. 

This  being  done,  when  the  different  Poles  of  the  two 
Load-ftones  look  towards  each  other,  the  Filings  of  Steel 
which  is  upon  one  of  them,  and  which  ftand  upright  like 
fo  many  large  ftradling  Hairs  coming  out  of  the  Load- 
ftone,  will  bend  themfelves  inwards,  and  get  nearer  to 
each  other  as  if  they  were  about  to  unite  together  :  On 
the  other  Hand,  when  the  fame  Poles  of  the  Load-ftones 
are  turned  towards  each  other,  the  fame  Filings  will  bend 
themfelves  outwards,  and  divaricate  from  each  other  a 
great  deal  more  than  they  did  at  firft. 

47.  By  confidering  in  this  Manner  the  Difpofition  of  47.  An  ex~ 
the  Steel-Filings  about  a  Load-ftone,  it  is  eafy  to  find  out  aB  way  t0 
which  are  the  Poles  of  this  Stone.  For  it  is  plain  that^”?<tc“^ 
the  Poles  are  the  Extremities  of  that  Pore  by  which  the  Load yW. 
magnetick  Matter,  which  turns  leaft,  or  which  goes  the  Laj‘  XiV« 
moft  diredhly  that  can  be  from  North  to  'South  or  from 

South  to  North ,  enters  in  and  goes  out :  And  confequently 
the  whole  Length  of  this  Pore  may  be  taken  for  the  Axis 
of  the  Load-ftone  :  Thus  in  the  Load-ftone  DEFG  re- 
prefented  in  the  Figure,  A  and  B  are  the  Poles,  and  the 
Pore  AB  is  the  Axis,  which  you  fee  paffes  through  the 
Middle  of  all  the  reft. 

48.  But  if  this  Load-ftone  be  fawn  in  two  Pieces  along 

the  Axis,  we  muft  conclude,  that  each  of  the  Pieces,  as  the  Pam  of 
for  Inftance  C,  muft  have  its  particular  Poles,  viz.  the 
Points  which  are  in  the  Middle  of  the  Sides  AE,  F B,  have  [heir 
through  which  the  magnetick  Matter  enters  in  and  goes  particular 
out  y  for  -it  is  in  thefe  Places  that  the  Paflage  of  the  magne-  xliT'xiV. 
tick  Matter  divides  itlelf,  there  being  but  half  the  Mat^  Fig. 
ter  which  comes  out  of  one  of  the  Sides,  viz.  that  only 
which  comes  out  of  the  Pores  near  E,  which  goes  along 
by  H  towards  FB  s  the  other  half  which  comes  out  of 
Vol,  II,  M2  the 
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the  Pores  near  A,  goes  along  towards  BF  by  L,  which 
is  a  fhorter  Way  than  going  by  H.  We  may  be  con-* 
vinced  of  the  Truth  hereof,  by  fprinkling  fome  Steel- 
Dud  about  the  Load-done  AEFBGD  put  into  a  Hole  in 
a  Piece  of  Pade-board  in  the  Manner  before  defcribed  ; 
for  then  if  one  Half  of  it  be  taken  away,-  viz.  that 
marked  K,  and  the  other  Half  be  left,  we  (hall  fee  the 
Steel-Dud  part  it  felf  in  the  Manner  now  mentioned. 

4g.  7bat  49*  Now  if  the  Pieces  C  and  K  of  the  Load-done 
the  two  fawn  afunder  in  this  Manner,  be  joined  together  again. 
Pieces  of  a  jjejng  l^d  one  Upon  another  ;  it  is  evident,  that  the 

fawn  para!-  magnetick  Matter,  which  comes  out  of  the  lower-Part, 
lei  to  the  cannot  enter  into  the  upper-Part,  without  going  a  great 
Way  ab°ut  >  but  if  the  Half  marked  K  be  turned  the 
each  “other  ?  contrary  Way  to  the  other  Half,  the  Matter  which 
the  contrary  comes  out  of  the  South- Pole  AE  of  the  lower  Piece,  can 
TbTwere*1  enter  *n at  BG  the  North-Pole  of  the  upper  Piece,  and  fo 
before  they  take  the  neared  Way  that  can  be :  Wherefore  if  the  Piece 
were  cut.  K  be  fufpended  on  a  T hread  ;  and  let  down  foftiy  upon 
Tab.^xiv.  ^  ^at  Way  which  they  were  originally  joined  together; 

it  is  very  pleafant  to  fee,  that  a  little  before  they  touch 
One  another,  the  Piece  K  will  turn  it  felf  round  to  the 
quite  contrary  Pofition,  in  Order  by  that  Means  to  facili¬ 
tate  the  Courfe  of  the  magnetick  Matter.* 

50.  Of  the  50.  And  if,  after  thefe  two  Pieces  C  and  K  are  thus 
Dfpofition  joined  together  the  contrary  Way  to  what  they  were  na- 
°ftbi  S'^~t  turally,  fome  Filings  of  Steel  be  fprinkled  about  them; 
thefe' two  then  the  Ranks  formed  by  them  will  be  like  fo  many  Se- 

Pieces  of  a  micircles  terminated  by  the  two  adjoining  Poles  of  the 
Load-pone.  two  pieces  Gf  Load-done,  the  Center  of  which  is  the 
Extremity  of  the  Line  where  the  two  Pieces  are  joined. 
5T.  That  51-  If  a  Load-done  be  fawn  afunder,  fo  that  the 
two  Points  Plain  of  the  Sedfion  be  perpendicular  to  the  Axis,  then 
One  another  two  Parts  do  not  require  a  different  Situation  from 
m  the  fame  that  which  they  had  before  they  were  feparated  ;  becaufe 
Load-pone,  the  magnetick  Matter  which  comes  out  of  the  one,  can 
Poles  the  enter  into  the  other  the  mod  conveniently  that  can  be  ; 
Vertues  of  but  the  two  Points  which  touched  one  another  before 
wbuh  are  the  Load-done  was  cut,  will  become  Poles  of  a  quite  con- 
Tab?  x*v.  trary  Vertue.  Thus,  if  the  Load-done  ACBD,  whofe 
Fig,  2,  Axis  is  AB,  the  South-Pole  A,  and  the  North-Pole  B, 
be  cut  along  the  Plane  CD  ;  the  Point  b  and  the  Point 
a,  which  touched  one  another  before  the  cutting,  will 
become  two  Poles  of  contrary  Vertue ;  that  is,  the 
Point  b  will  become  the  North- Pole  of  the  Half  E,  and 

the 
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the  Point  a  the  iSW£-PoIe  of  the  half  F.  For,  all  that 
magnetick  Matter  which  came  from  the  South ,  and  en¬ 
tered  into  the  whole  Load-ftone  at  the  Pole  B,  ought  af¬ 
terwards  to  enter  into  the.  Piece  E  at  b  ;  and  all  that 
Matter  which  came  from  the  North ,  and  entered  in  at 

A,  ought  to  enter  into  the  Piece  F  at  a.  All  this  may 
eafily  be  confirmed  by  Experience,  by  making  either  of 
thefe  Pieces  E  or  F  fwim  upon  the  Water  in  a  little  Boat, 
or  by  turning  the  Points  b  and  a  one  after  another,  to¬ 
wards  the  Needle  of  a  Compafs.  For  then  we  fhall  fee 
the  Point  b  of  the  Piece  E  always  turn  it  felf  to  th e South, 
and  that  it  will  draw  the  South- Pole  of  the  Compafs 
Needle  towards  it  ;  and  the  Point  a  of  the  Piece  F  al¬ 
ways  turn  it  felf  to  the  North ,  and  draw  the  North- Pole 
of  the  fame  Needle.  From  whence  it  follows,  that  they 
are  guilty  of  a  very  great  Abfurdity,  who  think  that 
the  two  Halves  of  the  fame  Load-ftone,  have  two  en¬ 
tirely  different  Inclinations,  and  that  one  of  them  tends 
with  its  whole  Force  towards  the  Norths  and  the  other 
on  the  contrary,  towards  the  South  ;  but  that  when  the 
Load-ftone  is  a&ually  cut  in  two  Pieces,  each  of  the  Pieces 
has  no  longer  the  directive  Vertue  which  was  in  the  whole 
Stone. 

52.  Thus  we  have  feen  how  all  the  Properties  of  the  52*  °f  thi 
Load-ftone ,  hitherto  mentioned,  have  been  deduced 
from  the  Nature  afcribed  to  it.  It  is  otherwife  with  re- yW,  and 
fpe<ft  to  the  Armour  ;  and  it  is  very  furprizing,  that  two  an  ar~ 

fmall  Pieces  of  Steel,  fuch  as  CD,  EF,  placed  as  you  fee  pne  iftsvp 
in  the  Figures  at  the  two  Poles  of  the  Load-ftone  A  and  more  Iren. 

B,  will  take  up  a  much  larger  Piece  of  Iron,  than  the 

naked  Stone  it  felf  will  take  up.  But  if  we  confider,  5 

that  a  Load-ftone  thus  armed  will  neither  attract  more 
Iron,  nor  at  a  greater  Diftance  than  it  did  before,  we  may 

be  able  to  find  out  the  Caufe  of  fo  furprizing  an  Effect  ; 

For  this  being  fo,  it  is  eafy  to  fee,  that  the  Increafe  ot 
the  Force  which  we  find  in  an  armed  Load-ftone,  arifes 
,  from  hence,  that  the  Iron  which  is  lifted  up  by  the  Ar¬ 
mour,  touches  it  in  more  Points,  than  the  Load-ftone 
it  felf  touches  it  in :  For,  as  was  fhown  in  the  firft  Part 
of  this  Treatife,  that  natural  Glue,  by  which  Bodies  are 
joined  and  faftened  together,  and  which  hinders  them 
from  feparating,  confifts  in  the  Parts  being  at  reft,  with 
xefpcift  to  each  other. 
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crmedUa*-  -53*  ^  xsconhrttied  from  hence,  that  if  the  Ar- 

jione  may  be  mour  ot  the  Load-ftone  be  rufty,  that  is,  if  the  Order  of 
kindred  from  its  Parts  be  difturbed,  fo  that  it  is  not  capable  of  fuch  a 
tgffcbf.  thn  Conta&  a$  was  before  $  or  which  is  the  fame  Thing,  if 
we  put  a  Piece  of  rufty  Iron  to  it  \  or  laftly,  if  we  put  a 
Body  that  is  ever  16  thin,  betwixt  the  Armour  and  the 
Iron  that  we  would  take  up,  as  for  Inftance,  a  Piece  of 
Paper,  it  will  then  lift  up  no  more  than  if  it  were  un¬ 
armed,  whereas  the  Interpofition  of  fuch  Sort  of  Bodies 
does  not  at  all  alter  the  other  furprifing  Effects  of  the  na¬ 
ked  Load-ftone. 

$4 .  How  it  54,  This  Obfervation  about  the  Armour,  furnifhesus 
bat  1° ,weak  wxth  t^ie  Solution  of  a  very  great  Difficulty,  which  is. 
Load  fione ,  'That  fometimes  a  weak  Load-Jloney  upon  touching  a  Piece 
7im!f°Trr  ^ron^  which  is  fufp ended  upon  another  and  much  Jlronger 
cffa  Piefe  Load-Jlonc^  will  take  it  off  thence  and  carry  it  along  with 
of  Iron  from  it  :  For  it  is  reafonable  to  think  that  in  this  Cafe,  the 
vfronger  weaker  Load-ftone  touches  the  Iron  in  more  Parts  than 
the  ftronger  one  does. 

55.  That  the  55*  To  this  we  may  add,  that  the  ftronger  Load-ftone 
two  PoUs  oj  ^oes  in  fome  Meafure  increafe  the  Vertue  of  the  weaker 
Vertu7in  one>  becaufe  it  fends  forth  a  great  deal  more  magnetick 
two  Load -  Matter  to  it,  and  helps  to  fupport  the  Iron  that  hangs 

Prelie  each  uPon  And  this  is  the  Real'on  why  the  South- Pole,  in 
ether's  Force.  Load-ftones,  that  have  not  fome  conftderable  Irregula¬ 

rity  in  them,  will  take  up  more  Iron  in  thefe  Northern 
Ciimates  of  the  World,  than  the  North-Y ole  ;  becaufe 
the  South-Vole  may  be  affifted  by  the  Vertue  that  comes 
from  the  North-\co\t  of  the  Earth,  but  the  other  Pole 
cannot. 


kS.  Why  a 
Whirligig 
will  turn  a- 
bout  longer 
when  it 
bangs  upon  a 
Loadjlot  e> 
than  when  it 
turns  upon  a 
Table. 


5*».  H«w  a 

Wb'rhgig 
fupport  ed  in 

this  manner 
may  turn  a- 
b>ut  but  a 
lit  tit  while. 


56.  Some  People  have  been  very  much  furprized  to  fee 
that  if  a  Brafs  Whirligig ,  whofe  Axis  is  made  of  Iron  or 
Steel  be  turned  round  upon  a  Table,  and  then  taken  up 
by  a  Load-ftone,  it  will  keep  turning  much  longer,  than 
if  it  be  left  to  move  upon  the  Table  ;  but  this  is  eafily  ac¬ 
counted  for  :  For  we  need  only  conftder,  that  one  Rea- 
fon  why  the  Whirligig  does  not  continue  to  move  on  for 
ever,  is  becaufe  its  Weight  makes  it  to  bear  pretty  hard 
again  ft  the  Body  it  moves  upon:  But  when  it  is  fufpended 
upon  a  Load-ftone,  then  its  Weight,  which  endeavours 
to  pull  it  oft,  caufes  it  fcarcely  or  hut  ffightly  to  touch 
the  Surface  of  the  Load-ftone,  fo  that  it  turns  about  with 
the  greateft  Eafe  that  can  be. 

57,  Whence  we  may  conclude,  that  if  we  make  ule 
of  a  very  ftrong  Load-ftone,  to  lift  up  a  very  light  Whir- 
ligig  with  j  becaufe  the  V  ortex  of  a  Load-ftone  will  at- 

traft 
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tradl  it  much  more  ftrongly,  than  its  own  Weight  would 
prefs  it  againft  a  Table  ;  it  muft  ceafe  to  turn  about  a 
great  deal  fooner,  than  it  would  do  if  it  turned  upon  a 
Table. 


58.  It  may  feem,  that  the  Declination  of  the  Load- 

ftone,  or  of  a  Needle  touched  by  the  Load-ftone,  may  0f  the  Load . 
in  fome  Meafure  contradict  what  has  been  faid  concern-  /««,  and 
ing  the  Nature  of  this  Stone;  For,  if  it  be  true,  that  ^udlt^after 
the  magnetick  Matter  which  makes  a  kind  of  Vortex  u  it  touched, 
about  the  Earth,  moves  from  one  Pole  to  the  other,  in  dots  not  turn 
the  Plains  of  the  Meridians,  why  fhould  not  the  Need-  ^ordiW 
les  point  exactly  North  and  South  f  And  why  do  they  South, 
deviate  in  fuch  a  manner,  that  the  South- Pole,  which 
ought  to  look  towards  the  North ,  declines  about  a  Degree 
towards  the  TVeJi  ?  To  which  I  anfwer,  that  the  mag¬ 
netick  Matter  which  moves  in  the  Air,  would  go  exactly 
from  North  to  South ,  or  from  South  to  North,  if  it  was 
not  fome  wa y  to  accommodate  it  felf  to  the  magnetick 
Matter  which  moves  in  the  exteriour  Earth ;  but  it  hap¬ 
pens,  that  in  this  exteriour  Earth,  the  magnetick  Matter 
is  fometimes  obliged  to  turn  out  of  the  Way  that  it 
would  go  in  by  the  general  Caufe  ;  becaufe  it  finds  more 
convenient  Paflages  in  thofe  Places  where  the  Iron  Mines 
are.  And  this  is  the  Reafon  why  the  magnetick  Matter 
which  moves  in  the  Air,  does  not  always  go  in  the  Plains 
of  the  Meridians,  and  alfo  why  the  Needles  touched  by 
the  Load-ftone,  are  thereby  determined  to  decline  as  we 
find  by  Experience  they  do. 

59.  Now  in  order  to  make  Iron  divert  the  magnetick  59.  An  Ex - 
Matter  out  of  its  ufual  Courfe,  we  need  only  place  th et>erimentCo 
Needle  of  a  Compafs  at  a  certain  Diftance  from  a  Load-  ^fir.auo^ 
ftone,  as  we  fee  the  Needle  CD  in  the  Figure  is  placed  Tab.  xv. 
with  refpe<51  to  the  Load-ftone  whole  Axis  is  AB.  For  4* 

fo  long  as  no  other  Iron  comes  near  this  Load-ftone,  the 
magnetick  Matter  which  goes  out  of  it,  difpofes  the 
Needle  to  be  very  nearly  parallel  to  the  Axis  AB  ;  but 
if  any  Iron  comes  near  it,  as  for  Inftance,  a  Knife  which 
the  Matter  that  Comes  out  of  the  Pole  B  of  the  Load-ftone 
pafies  through,  to  enter  into  the  Pole  D  of  the  Needle, 
whilft  that  Matter  which  comes  out  at  A  enters  at  C  as 
it  did  before,  we  fhall  then  find  a  confiderable  Alteration 
in  the  Needle,  for  it  will  quit  the  Line  in  order  to 
jplace  it  felf  in  the  Line  EF. 


M  4 


£0.  And 


6o.  Why 
the  Load- 
Jtone  bat  riot 
always  the 
Jamc  Decli¬ 
nation  in  the 
fame  Place 
on  the  Earth 

sAl  r* 


<5 1.  That  all 
iron  Minet 
are  not  ca¬ 
pable  of 
makirg  the 

Lcad-jtone 

decline. 


62.  That  1 at 
Load-Jione 
reduced  to 
Powder 
ought  not  to 
lift  up  Iron 
at  all . 


63 


An  Ex¬ 


periment  of 

the  Truth 
ej  tbit,  and 
of  magnet ick 
P  la  fieri. 
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60.  And  becaufe  it  is  certain  that  there  may  be  Iron- 
Mines  generated  in  fome  Countries  where  there  were 
none  before  ;  and  thofe  which  were  in  other  Countries 
may  be  worn  out  ;  therefore  it  may  happen  that  the 
Needle  may  have  different  Declinations  at  different 
Times  in  the  fame  Place.  So  that  we  need  not  be  fur- 
prized,  that  they  who  mentioned  its  Declination,  about  a 
hundred  Years  ago,  affirmed,  that  it  was  fix  Degrees  to¬ 
wards  the  Eaft  at  Paris,  whereas  by  the  mod  exa£l  Ob- 
fervations  that  I  have  been  able  to  make,  I  found  it  was 
hardly  one  Degree  that  way  about  thirty  Years  ago,  and 
is  now  one  Degree  towards  the  Weft. 

61.  But  it  is  to  be  obferved,  that  in  order  for  the  Iron 
to  make  the  magnetick  Matter  turn  out  of  its  Courfe,  it 
is  neceffary  that  the  Situation  of  its  Parts  fliould  be  fuch, 
that  the  Pores  which  are  in  the  form  of  Screws,  fhould 
continue  on  dire&ly.  And,  fince  this  Difpofition  is 
not  to  he  found  in  all  Mines,  and  there  may  be  fome, 
where  the  Parts  of  the  Iron  are  confufed,  therefore  the 
Iron  in  all  Sorts  of  Mines  is  not  proper  to  caufe  a  Decli¬ 
nation  in  the  Load-ffone,  nor  is  it  eafily  to  be  attracted  by 
this  Stone. 

62.  Having  thus  explained  all  the  Properties  of  the 
Load-ffone,  it  remains,  that  we  fliow  how  it  may  lofe 
thefe  Properties,  and  be  reduced  to  a  common  Stone. 
In  order  to  apprehend  rightly  how  this  may  be  done, 
we  mull  confider,  that  that  which  is  peculiar  in  the  Load- 
ffone  is  the  Shape  and  Strudlure  of  its  Pores  ;  wherefore 
we  can  no  fooner  imagine  this  Shape  and  Conffruftion 
to  he  deftroyed,  but  at  the  fame  Time  we  muff  jhink, 
that  the  Load-ffone  will  ceafe  to  be  any  longer  fo,  .and 
will  not  at  all  differ  from  a  common  Stone.  Now  it  is 
evident,  that  if  a  Load-ffone  be  beaten  in  Pieces  and  re¬ 
duced  to  a  very  fine  Powder,  the  peculiar  Difpofition  of 
its  Parts  will  continue  no  longer,  arid  therefore  it  is  alfo 
evident,  that  it  will  he  no  longer  capable  of  having  thofe 
Properties  which  we  fo  much  admire  in  it. 

63.  And  this  is  confirmed  by  Experience.  For  having 
caufcd  feveral  Pieces  to  be  cut  off  from  a  very  good 
Load-ffone,  in  order  to  make  it  of  a  handfomer  Shape 
than  it  was,  I  took  the  largeft  Piece,  which  would  take 
up  a  confiderablc  Piece  of  Iron,  and  beat  it  fmall,  and 
put  the  Powder  into  a  Rag,  after  which  it  would  not 
take  up  the  leaff  Piece  of  Iron  that  can  he.  And  this 
may  ferve  to  undeceive  thofe  who,  becaufe  they  fee 
that  a  whole  Load-ffone  draws  Iron,  imagine  that  if  it  be 

beaten 
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beaten  and  made  up  into  aPlaifter,  it  will  draw  Iron  out 
of  a  deep  Wound  :  For  they  may  learn  from  hence,  that 
the  difunited  Parts  have  not  the  fame  Properties  which 
they  had  before  they  were  feparated.  And  if  Load-ftones 
are  found  to  be  ufeful  in  Plaifters,  it  mull  be  for  lome 
other  Reafon  than  what  they  have  imagined. 

64.  We  may  alfo  forefee,  that  Ruft  when  it  gets  into  64.  That  a 
the  Load-ftone  muft  fpoil  the  Shape  and  Conftru<ftion 

of  its  Pores  3  and  therefore  we  may  conclude  that  this  virtue  by  * 
Stone  muft  lofe  its  Vertue  by  being  rufty,  growing 

65.  We  may  alfo  forefee  further,  that  a  violent  Fir e 

may  do  that  in  a  few  Hours,  which  Ruft  will  take  up  Fire  deflroyt 
feveral  Years  in  doing  ;  becaufe  it  makes  an  Alteration  in  tb (Vertue of 
the  Load-ftone  very  much  like  what  we  fee  it  does  in  aLoad’fione* 
Wood  when  it  turns  it  into  a  Coal :  Wherefore  a  Load- 
ftone  held  fome  time  in  the  Fire  muft  lol'e  all  its  Ver¬ 
tue. 

66.  We  may  likewife  add,  that  the  Air  when  it  is  moft  66  .That  the 
dry  and  leaft  capable  of  rufting  the  Load-ftone,  ought  to  a^”er  a 
diminifh  the  Force  of  it 3  becaufe  it  refills  the  Motion  Load-ftone . 
of  the  magnetick  Matter,  which  is  endeavouring  to  come 

out  of  the  Load-ftone,  and  forces  it  to  find  a  Paffage 
within  it 3  in  the  fame  manner,  as  we  before  faid,  that  a 
great  Part  of  that  Matter  which  moves  within  the  inter¬ 
nal  Earth,  continues  on  its  external  Motion  in  the  ex¬ 
ternal  Earth  which  furrounds  it :  And  thus  the  Parts  of 
the  Load-ftone  which  are  near  the  Superficies  become  at 
laft  very  different  from  what  they  were. 

67.  Now  when  thefe  external  Parts  are  thus  corrupt-  67.  why 
ed  and  fpoiled,  they  are  not  at  all  different  from  a  com-  Part  °f  <2 
mon  Stone  3  and  they  hinder  that  Part  within,  which  is 

found  and  entire,  and  which  continues  in  the  Form  of  a  times  lift  up 
Load-ftone,  from  coming  fo  near  the  Iron,  as  it  would  more  Iron 
do  if  they  were  gone  :  And  this  may  be  a  Reafon  why  ^billhead- 
a  whole  Stone,  may  not  be  able  to  lift  up  fo  much  Iron jione. 
as  it  would  do  if  thefe  corrupted  Parts  were  taken  away. 

And  indeed,  I  my  felf  have  feen  a  pretty  large  Load- 
ftone  which  weighed  thirteen  Ounces,  and  which  would 
hardly  lift  up  an  Ounce  of  Iron,  after  a  good  deal  of  it 
next  the  Superficies  had  been  taken  off  all  around,  fo  that 
it  weighed  no  more  than  five  Ounces  3  take  up  two  Oun¬ 
ces  and  a  Half  of  Iron. 

68.  The  only  Remedy  hitherto  found  to  hinder  the  65  How  the 
Air  from  thus  corrupting  the  Load-ftor.e,  is  to  furround  it 

with  feveral  Pieces  of  Iron  3  and  this  perfectly  agrees  Venue  of  tb* 
With  what  was  juft  now  laid  :  For  the  {ron  affording  Load  font. 

a  freer 


jS6  R  0  HA  UL  T9s  S  yst  e  m  Part  III. 

a  freer  Paffage  to  the  magnetick  Matter  than  the  Air 
does,  it  bends  it  felf  and  continues  on  its  Courfe  in  the 
Metal,  and  therefore  will  not  fo  foon  make  any  Altera¬ 
tion  in  the  Pores  of  the  Load-ftone. 

€9.  How  a  69.  In  all  the  Effefts  of  the  Load-ftone,  the  greateft 
Loadjione  g^are  of  them  is  owing  to  the  magnetick  Matter;  where-* 
'vt rtuein  a  fore  the  Conftru&ion  of  its  Pores  would  be  wholly  ufe- 
Moment,and  lefs  if  there  were  none  of  this  Matter.  But  it  may  fo 
rtCaTnaftr'  happen,  that  the  large  Quantity  of  this  Matter  which 
wardft£r’  moves  about  a  great  Load-ftone,  may  carry  off  that 
fmall  Quantity,  which  makes  a  little  Vortex  about  a  fmall 
Load-ftone  which  is  near  to  it :  And  thus  I  have  found 
by  Experience,  that  a  fmall  Load-ftone  armed  and  fet  in 
a  Ring,  which  would  lift  up  two  Ounces  pf  Iron,  loft 
all  its  Vertue  in  an  Inftant,  by  coming  toQ  near  a  very 
good  Stone.  However  it  recovered  it  again  in  two  Days 
Time  ;  which  was  doubtlefs  owing  to  this,  that  the  Air 
furnifhed  it  with  magnetick  Matter  in  the  Room  of  that 
which  it  loft. 

7©.  Offome  jQ'  to  what  fomeWriters  have  related,  that  a  J^oad- 
fltfdy'afcri.  R°ne  will  not  attraft  Iron,  (1)  if  there  be  a  Diamond 
> j  io  tbs  near,  and  that  Onions  and  Garlick  will  make  it  lofe  its 
hoad-fione.  Vertue ;  thefe  are  contradi  died  by  a  thoufand  Experiments 
which  I  have  tried.  For  I  have  fhown,  that  this  Stone, 
will  attract  Iron  through  the  very  thickeft  Diamonds, 
and  through  a  great  many  thick  Skins  which  an  Onion 
is  made  up  of. 

71  .of the  71.  Having  at  large  explained  the  Properties  of  the 

attraflivt  Load-ftone,  and  efpecially  that  by  which  it  attracts  Iron  ; 
^4 mber°{nd  I  would  not  willingly  neglect  fpeaking  of  that  Property 
federal  other  taken  Notice  of  in  Amb$r ,  Gum ,  IVaxy  Glajs 

Buduu  an£  mcji  yeweh)  all  which,  when  they  are  rubbed,  will 
take  up  indifferently  Chaff  and  fuch  Sort  of  light  Things. 
I  am  therefore  of  Opinion  with  fome  others  that  there  is 
a  certain  Matter,  which  is  very  fubtle,  continually  moving 
in  the  fmalieft  Pores  of  thefe  Bodies,  and  that  it  comes 
from  the  Center  to  the  Superficies,  where  it  is  reflected 
inwards  by  the  Rchftance  of  the  Air  which  it  then  meets 
with.  Now  when  thefe  Bodies  are  rubbed,  this  gives 
a  fufticient  Force  to  the  Matter  contained  in  them,  to 


(l)  If  there  be  a  Diamond  near, 
fee  )  **  There  is  fnch  a  Difagree- 
*•  ment  betwixt  a  Diamond  and  a 
44  Load-ftone,  that  if  a  Diam  <nd  bi 
«»  «ear,  it  will  £>ot  fuftcr  the  Iron  t# 


<c  be  attracted  ;  or  if  the  Load  ftone 
**  is  puc  to  it  and  takes  hold  of  it, 
*<  it  will  puli  it  away.”  PUny,  Book 
37.  Chop  4., 


over- 
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overcome  the  Refiftance  of  the  Air,  and  to  extend  it 
felf  to  a  little  Diftance  all  round  them  ;  but  becaufe  it 
cannot  go  very  far  without  lofing  fome  of  its  Force  ;  the 
Agitation  and  Circulation  of  the  Air  will  drive  it  back  and 
force  it  to  turn  and  enter  into  fome  of  the  Pores  which 
it  came  out  of,  and  where  other  Matter  cannot  fo  conveni¬ 
ently  enter,  becaufe  it  is  not  fo  well  proportioned  to  the 
Bignefs  and  Figure  of  thofe  Pores.  Thus  in  Amber ,  for 
Example,  that  has  been  rubbed,  a  great  Number  of  the 
Particles  of  this  Matter,  like  fo  many  fine  Threads,  too 
fmall  to  be  feen,  come  out  of  it,  and  dart  themfelves  in¬ 
to  the  Air,  where  meeting  with  fmall  Bodies,  they  get  in¬ 
to  the  Pores  of  them,  and  then  return  back  into  the  Am¬ 
ber  ;  at  the  fame  Time,  the  Air  continually  repelling  thefe 
fmall  Threads,  and  forcing  them  to  contract  themfelves 
into  lefs  and  lefs  Compafs,  prefles  likewife  in  the  fame 
Manner  upon  the  light  Bodies  into  the  Pores  of  which  thefe 
fmall  Threads  have  thruft  themfelves;  fo  that  in  return¬ 
ing  back  to  the  Amber  they  carry  fmall  Straws,  in  whofe 
Pores  they  are  engaged  along  with  them.  All  which  is 
confirmed  from  hence,  that  we  do  not  perceive  the  leaft 
Degree  of  this  Vertue  in  Amber  or  any  other  fuch  like 
Body  if  it  be  not  excited  by  rubbing. 

72.  As  to  any  Thing  further;  there  is  no  Need  of  afcri-  72.  a  Mtf. 
bing  any  other  Qualities  to  the  Matter  which  comes  out  of take  «*/««* 
thefe  Bodies,  in  order  for  them  to  have  the  Vertue  of  at-  ^lut  thn* 
trading  Straw  and  Chaff ;  as,  that  they  muft  be  greafy  Vertue. 
in  order  to  have  Things  Hick  to  them  ;  for  befides  that 
the  Power  of  flicking  is  not  at  all  explained,  it  is  not  in 
the  leaft  probable  that  Glafs  or  precious  Stones,  which 
have  the  fame  attra&ing  Vertue  which  we  find  in  Amber , 
have  any  Greafinefs  in  them.  For  if  we  could  think  that 
there  was  any  Thing  of  that  Nature,  in  the  Sand  and 
Afhes  of  which  the  Glafs  is  made,  it  muft  all  be  confu* 
nied  by  the  Fire  in  which  they  are  melted. 
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j.  That  to 
explain  the 
filature  of 
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Of  fubterraneous  Fires  and  Earthquakes. 

T  N  order  to  explain  what  is  moft  extraordinary  in  the 
.  Earth,  it  will  be  very  proper  to  fpeak  of  fubterraneous 
Fires.  The  dreadful  Effe&s  produced  by  them  <lo  dfc 
often  excite  our  Admiration,  not  to  endeavour  to  difco- 
ver  the  Caufe  of  them.  '  The  Fires  which  I  here  mean 
and  intend  to  explain,  are  fuch  as  thofe  which  fometimes 
are  feen  to  come  out  of  Mount  Hecla  in  Ifland ,  /Etna 
or  Mount  Gib  el  in  Sicily ,  and  Vefuvius  in  the  Kingdom  of 
Naples :  And  becaufe  there  is  no  manner  of  Difference  be¬ 
twixt  thefe  Fires,  and  thofe  which  we  kindle  in  our  Chim¬ 
neys,  it  is  evident  that  we  cannot  explain  the  Nature  of 
the  one,  but  we  muff  at  the  farne  Time  explain  the  Na¬ 
ture  of  the  other.  So  that  this  Difcourfe  will  take  in  all 
that  can  be  faid  of  the  Nature  of  Fire  in  general. 

2.  Now  if  we  confider,  that  the  principal  Qualities  of 
Fire,  are  Heat  and  Light,  we  fhall  be  convinced  that 
its  Nature  confifts  in  nothing  elfe  but  this.;  that  Fire  is 
nothing  but  a  certain  Collection  of  terreftrial  Particles  in¬ 
differently  folid,  which  are  all  in  a  very  great  Agitation, 
becaule  they  fwim  about  in  the  Matter  of  the  firft  Ele- 

4  '  ■»  1 

ment  only,  which  they  are  of  the  fame  Rapidity  with. 

3.  In  order  to.  have  as  clear  a  Notion  of  this  as  can  be, 
we  muff  remember,  that  the  Velocity  with  which  the. 
Matter  of  the  firft  Element  moves,  is  incomparably  great¬ 
er  than  that  with  which  the  Parts  of  the  fecond  Element 
move,  and  that  the  fmall  terreftrial  Bodies  which  fwim 
in  a  Mixture  of  thefe  two  Elements,  can  only  move  with 
the  Velocity  of  the  fecond  Element,  becaufe  this  ftops 
the  violent  Motion  which  the  firft  Element  would  im- 
prefs  upon  them  :  So  that  when  thefe  Bodies  are  furround- 
ed  with  the  Matter  of  the  firft  Element  only,  they  mult 
neceiTarily  be  as  rapid  as  that,  in  the  fame  Manner  as  a 
Piece  of  Wood  moves  as  quick  as  the  Torrent  it  fwims 
in. 

4.  This  being  fuppofed  ;  and  taking  alfo  for  granted 
what  has  been  faid  concerning  Heat  in  the  firft:  Part  of 
this  Treatife;  it  is  evident,  that  the  aCtual  Motion  of 
the  fmall  Parts  of  terreftrial  Bodies  which  are  folid,  is 
the  true  Caufe  of  the  Fires  being  fo  hot  ns  we  feel  it.  And 

'*  ‘  if 
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if  we  call  to  mind  what  the  Nature  of  Light  was  there 
faid  to  confift  in,  we  fhall  be  convinced,  that  the  Effort 
which  all  thefe  terreftrial  Parts  make  to  thruft  forward 
and  drive  off  every  Way  round  them  the  fmall  Globules 
of  the  fecond  Element,  mull  caufe,  (t)  the  Fire  toi>e 
luminous. 

5.  And  that  the  Parts  which  Fire  is  made  up  of,  fwim  5*  How  it 
in  the  Matter  of  the  firft  Element  only,  is  what  we  fhall  f  Pro^ced 
be  fully  convinced  of  the  Truth  of,  if  we  confider  how  fl0ne  and  ~a 
Fire  is  originally  generated  ;  that  is,  how  it  may  be  pto-  Steel. 
duced  When  there  is  rtorte,  either  by  ftriking  two  Flints 
againft  one  another,  or  rather  by  flriking  a  Flint-Stone 
againft  a  Steel.  If  therefore  we  look  upon  the  Figure  Tab.  xv, 
and  confider,  that  the  Parts  of  the  Flint-ftone  A  are  fo  F)S'  5» 
connected  together,  that  there  are  fmall  Interfaces  left  be¬ 
twixt  them,  which  are  filled  with  the  Matter  of  the  firft 
and  fecond  Element  :  Whence  it  is  eafy  to  fee,  that  by 
the  Stroke  of  the  Flint-ftone  A  againft  the  Steel  B,  its 
Parts  may  get  fo  near  to  one  another,  and  the  Interftices 
between  may  become  fo  fmall,  that  they  can  contain  on¬ 
ly  the  Matter  of  the  firft  Element ;  the  Matter  of  the 
fecond  Element  being  driven  out,  and  they  then  left  full 
of  the  Matter  of  the  firft  Element;  Then,  if  we  confider, 
that  the  Parts  of  a  Flint-ftone  are  Very  ftiff,  it  is  eafy 
to  apprehend,  that  they  are  alfo  fpringy  and  have  a  Ten¬ 
dency  to  return  back  into  the  State  which  they  were  in 
before ;  which  they  do  with  an  incredible  Swiftnefs.  And 
becaufe  Bodies  which  have  a  reciprocal  Motion  back¬ 
wards  and  forwards,  always  go  a  little  beyond  the  Place, 
where  they  would  be  at  reft  in  their  natural  State;  fo 
likewife  the  Parts  of  the  Flint  are  feparated  a  little  further 
from  each  other  than  they  were  before  it  was  ftruck  a- 
gainft  the  Steel,  which  cannot  be,  they  being  fo  very 
brittle,  but  that  they  muft  be  entirely  feparated  from  the 
Mafs  of  which  they  were  Parts.  They  muft  therefore  fly 
off  into  the  Air,  and  be  furrounded,  for  fome  Time  at 
leaft,  as  you  fee  in  C,  with  the  Matter  of  the  firft  Ele¬ 
ment  :  For  being  very  folid,  they  have  fuflicient  Force  to 
pufh  back  every  Way  the  fmall  Globules  of  the  fecond 
Element,  (which  are  continually  endeavouring  to  get  in¬ 
to  the  Places  which  they  were  driven  out  of,)  by  their 

(1)  The  Fire  to  be  lumincui)  Con*  romena  of  Fire.  See  tie  N/es  on 
cerning  the  true  Caufe  of  this  Par-  Parti •  CbaJ>,  17.  Art ,  15. 
tics,  iar,  and  of  the  following  Pha? 
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rapid  Circumrotation  :  And  therefore  ( i)  thefe  little  Pieces 
muft  appear  luminous. 

6.  This  being  theNature  of  Fire,  it  from  hence  follows, 
that  it  muft  go  out  in  a  Moment,  if  it  be  not  fupplied 
with  Fewel;  both  becaufe  the  fmall  terreftrial  Parts  of 
which  It  is  compofed,  by  dafhing  one  againft  another, 
are  divided  into  ftiil  fmaller  Parts,  which  have  not  Force 
enough  to  refift  the  fecond  Element,  which  is  continu¬ 
ally  endeavouring  to  extinguifti  or  choak  it ;  and  alfo  be¬ 
caufe  thefe  fame  Particles,  by  driving  forward  the  Glo¬ 
bules  of  the  fecond  Element,  move  on  all  Sides  out  of 
thofe  Places  where  they  firft  were,  and  come  in  amongft 
the  Parts  of  the  Air,  where  they  lofe  their  Motion  by 
communicating  it  to  the  Air,  and  fo  go  away  in  Smoak. 

7.  Fewel  therefore  muft  of  Neceftity  be  added  to  Fire, 
if  we  would  have  it  long  preferved  in  the  fame  Place  ; 
that  is  to  fay,  fome  Body  muft  be  put  fo  near  to  it,  that 
the  Parts  of  that  Body  may  go  into  the  Place  of  thofe 
which  are  diffipated  by  the  Fire  or  which  are  converted 
into  Smoak.  And  in  order  hereunto,  it  is  necefiary  in 
the  firft  Place  that  the  Parts  of  this  Body  fhould  be  fo 
difpofed,  that  they  may  eafily  be  feparated  fucceftively  from 
each  other  by  the  Adfion  of  the  Fire  which  they  are  to  feed : 
And  that  there  fhould  alfo  be  a  fufficient  Number  of 
them  to  repell  the  Parts  of  the  fecond  Element,  which 
are  continnally  endeavouring  to  choak  the  Fire :  This  the 
Parts  of  the  Air  cannot  do  becaufe  they  are  too  fine, 
wherefore  Air  is  not  fufficient  to  nourifh  Fire. 

8.  The  Conditions  requifite  in  terreftrial  Bodies  to 
compleat  thefe  two  general  Properties,  are  firft,  that  their 
Parts  fhould  be  of  unequal  Bignefs,  fo  that  the  fmalleft 
of  them  being  firft  agitated,  may  help  to  increafe  the  Mo¬ 
tion  of  the  larger  :  Secondly ,  that  the  Pores  of  thefe  Bo¬ 
dies  fhould  be  large  enough  to  admit  the  Parts  of  the 
third  Element  which  are  already  on.  Fire,  in  order  to  put 
the  Parts  of  thefe  Bodies  into  Motion  ;  And  LaJUy ,  that 
thefe  Parts  fhould  be  fo  connedled  with  each  other,  that 
the  Parts  of  the  fecond  Element  will  fooner  be  driven 
from  them  all  round,  than  they  entirely  be  feparated  from 
each  other. 


(!)  Thefe  little  Pieces  mujl  appear  Globes,  or  at  leaft  being  red  hot 
luminous)  Mr-  Hook  obfervtd  with  fh.ne,  and  kindled  the  Tinder.  See., 
a  Microfcope,  that  the  Particles  cf  ticok's  Micogt aphy }  Ohfervat.  8. 
Steel  being  alfo  melted  into  iraali 


9.  Ever/ 
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9.  Every  one  of  thefe  Conditions  are  to  be  found  in  all  9 -WbyWocd 
Sorts  of  dry  Wood,  with  this  Difference  only,  that  they  are  t0 
in  fome  in  a  greater,  in  others  in  a  Ids  Degree ;  wherefore 
they  will  all  of  them  burn, but  fome  mote  ealily  than  others ; 
for  Example,  that  which  has  the  largeft  Pores,  or  that  in 
which  all  the  forementioned  Conditions  are  found,  of  fome 
bf  them  in  the  greateft  Degree,  will  moft  eafily  burn. 

IO*  The  fir  ft  and  the  third  of  thofe  Conditions  now  10.  Why 
mentioned,  are  indeed  to  be  found  in  Metals,  but  be-  Mctah  are 
Caufe  they  have  not  the  fecond,  they  are  not  at  all  pro  -“vourifbFtrt, 
j^er  to  nourifh  Fire;  yet  however,  as  the  moft  folid  Wood, 

6r  that  which  has  the  feweft  Pores,  wili  very  eafily  burn 
when  it  is  cut  into  Chips,  or  reduced  to  Shavings  like 
thofe  taken  off"  by  a  Joyner’s  Plane  ;  fo  likewife  the  Fi¬ 
lings  of  Steel,  thrown  crofs  the  Flame  of  a  Candle,  will 
burn  immediately,  and  every  Particle  of  it  will  become  a 
Very  bright  Spark, 

11.  The  third  of  thefe  Conditions  feems  to  be  wanting  n*  How 
in  fuch  Liquors  as  Oils  and  Aqua-Vita,  which  yet  arewer 
eafily  converted  into  Fire,  But  it  is  to  be  obferved,  that noli 
thefe  Sorts  of  Bodies  being  made  up  of  ramous  Parts,  **&  F,re> 
in  which  there  are  a  great  many  little  Corners  that  the 
Parts  of  the  fecond  Element  cannot  get  into,  they  muft 
contain  a  larger  Quantity  of  the  Matter  of  the  firft  E- 
lement,  than  other  combuftible  Bodies  generally  do  :  Now 
this  Matter  of  the  firft  Element,  confpires  with  that  of 
the  Fire,  to  drive  away  the  Globules  of  the  fecond  Ele¬ 
ment,  and  contributes  to  make  the  Parts  of  thefe  Sorts  of 
Liquors  the  more  inflammable. 


12.  When  I  Laid  that  one  Condition  necefiary  to  make  12.  why 
a  Body  capable  of  nourifhing  Fire,  was,  that  it  muft  be^re^fdtt 
porous  (and  its  Pores  muft  be  filled  with  fome  Matter,  * ardtoourK 1 
becaufe  there  is  no  vacuum  in  Nature;)  I  did  not  mean, 
that  its  Pores  fhould  be  filled  with  fuch  Matter  as  can 
hardly  be  driven  out ;  for  that  is  much  the  fame  Thing  as 
if  it  had  no  Pores  at  all  :  Thus,  greenWood,  whofe  Pores 
are  filled  with  a  great  deal  of  Water,  will  fcarce  burn  at 
all,  in  Comparifon  with  dryWood,  out  of  which,  the  Air 
which  gets  into  the  Place  pofiefled  before  by  the  Water,  is 
very  ealily  forced  ;  and  thus  likewife,  a  Linnen  Rag  dip¬ 
ped  in  Aqua-VittZ)  when  it  is  fet  on  Fire  will  not  be  burnt, 
becaufe  the  Fire  which  is  nourifh’d  only  by  that  Spirit 
has  no  more  Force  than  is  fufficient  to  lay  hold  of  and 
carry  away  the  Parts  of  the  Aqua-Vita,  fo  that  it  cannct 
agitate  the  Parts  of  the  Rag,  fo  long  as  it  contains  fomo 
other  Bodies  bendes  Air  in  its  Pores, 
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13.  If  we  confider  the  Ingredients  of  which  (1)  Gun¬ 
powder  is  made,  we  fhall  find  that  it  has  all  the  Condi¬ 
tions  requifite  to  make  a  Body  take  Fire  with  the  greateft 
Eafe.  It  is  a  Compofition  of  Sulphur ,  Salt-Peter  and 
Charcoal ,  beaten  together  a  good  while  in  a  Mortar,  arid 
now  and  then  a  little  JVater  in  which  Lime  has  been  Jlacked ± 
poured  upon  it;  This  Mixture  becomes  a  pretty  hard 
Pafte,  which  in  palling  through  a  Sieve,  conforms  it  felf 
to  the  Bignefs  of  the  Holes,  arid  is  divided  into  fmall 
Grains,  which  are  afterwards  dryed  with  great  Care. 

14.  Now  Sulphur ,  is  in  its  own  Nature  combuftible, 
becaufe  it  is  oily  :  And  if  it  does  not  fo  eafily  burn 
when  it  is  in  the  Mafs,  the  Reafon  is,  becaufe  its  Parts 
are  then  a  little  too  much  comprefled,  and  befides  not 
being  very  folid,  they  are  riot  able  to  drive  from  them 
always  the  Matter  of  the  fecond  Element.  The  Salt-Peter 
is  compofed  of  very  folid  Parts,  and  which  are  of  fuch 
a  Figure  as  take  up  more  Room  when  they  are  put  in  A- 


(1)  Gunpowder)  The  Caufe  of 
the  Explolion  of  Gunpowder  is 
thus  explained  by  the  famous  Sir 
IJaac  Newton ,  4  When  Gunpow- 
4  der  takes  Fire,  it  goes  away  into 

*  flaming  Smoke.  For  the  Charcoal 
4  and  Sulphur  eafily  take  Fire,and  fet 

*  Fire  to  the  Nitre,  and  the  Spirit  of 
4  the  Nitre  being  thereby  rarified  into 
4  Vapour,  rufiies  out  with  Explofi- 
4  <jn,  much  after  the  manner  that 

*  the  Vapour  of  Water  rufhes  out 

*  of  an  JEolipila  j  the  Sulphur  alfo, 

*  being  volatile,  is  converted  into 

*  Vapour,  and  augments  the  Explo- 
4  fion.  And  the  acid  Vapour  cf  the 
4  Sulphur,  (namely  that  which  di- 
4  ftils  under  a  Bell  into  Oil  of  Sul- 

*  phur)  entering  v  olently  into  the 
4  fix’d  B  'dy  of  the  Nitre,  fets  loofe 
4  the  Spirit  of  the  Nitre,  ard  excites 
4  a  gieat  Fermentation ,  whereby  the 
4  Fleat  is  further  augmented,  and 
4  the  fixed  Body  of  the  Nitre  is  alio 
4  rarified  into  Fume, and  the  Explofi- 
4  on  is  thereby  made  more  vehement 
4  and  quick.  For  if  Salt  of  'tartar 
4  be  mixed  with  Gunpowder,  and 

*  that  Mixture  be  warmed  till  it 
4  takes  Fire,  the  Explofion  will  be 
4  mure  violent  and  quick  than  that 

*  of  Gunpowder  alone  :  which 
4  cannot  p-occed  from  any  other 
4  Caufe  than  the  AdVion  of  the  Va- 

*  pour  of  the  Gunpowder  upon  the 


4  Salt  of  Tartary  whereby  that  Salt 
*  is  rarified  The  Explofion  of  Gun- 
4  powder  arifes  therefore  from  the 
4  violent  Adtion  whereby  all  the 
4  Mixture,  being  quickly  and  vehe- 
4  mentiy  heated,  is  rarified  and  ctni- 
4  verted  into  Fume  and  Vapour, 

‘  which  Vapour,  by  the  Violence  of 
4  that  A&ion,  becoming  fo  hot  as 
4  to  fhine,  appears  in  the  Form  of 
4  Flame.’  Qpticks,  pag*  3I7. 

So  likewife  concerning  Aurum 
Fulminans  mentoned  above,  ( Part 
I.  C hap.  26.  Art.  13.)  the  fame  ex¬ 
cellent  Pcrfon  fays,  4  Pulvis  Fulrr.t- 
4  nans ,  compo'ed  of  Sulphur,  Nitre 
4  and  Salt  of  Tartar,  goes  oft  with  a 
4  more  hidden  and  v  olent  Expio. 
4  fion  than  Gunpowder ,  the  acid 
4  Spirits  of  the  Sulphur  and  Nitre; 
4  rufivng  towards  one  another,  and 
4  towards  the  Salt  of  Tartar ,  with 
4  fo  great  a  Violence  as  by  the  Shock 
4  to  turn  the  whole  at  once  into 
4  Vapour  and  Flame.  Where  the 
4  Liffolution  is  flow,  it  makes 
4  a  flow  Ebullition  and  a  gentle 
4  Heat  5  and  where  it  ;s  quicker,  it 
4  makes  a  greater  Ebull-tion  wrh> 
4  more  Heat ;  and  where  it  is  d  ;ne: 
4  at  once,  the  Ebullition  is  co^tradV 
4  ed  into  a  fudden  Blaft  or  violent 
4  Explofion,  with  a  Heat  equal  to- 
4  that  of  Fire  and  Flame.’  Ibid* 
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gitation  than  when  they  are  at  reft,  with  refpeft  to 
each  other.  And  as  to  the  Charcoal ,  we  know  that  that 
is  made  of  Wood  extinguilhed  before  it  is  quite  burnt 
up,  and  muft  therefore  contain  a  very  great  Number  of 
Parts  eafily  to  be  put  in  Motion,  and  alfo  a  very  great 
Number  of  Pores.  For  befides  thofe  Which  were  in  the 
Wood  before,  there  muft  be  a  great  Number  of  o- 
thers  formed  by  the  Fire.  And  as  to  the  Lime-water*  it 
is  evident,  that  it  ferves,  in  the  firft  Place,  to  hinder  the 
other  Ingredients  from  taking  Fire,  whilft  they  are 
beating  in  the  Mortar,  and  alfo  to  conned!  them  a  little 
together.  But  as  the  fame  Things  may  be  done  by  a 
great  many  other  Liquors,  I  don’t  fee  why  this  fhould 
be  ufed  rather  than  any  of  them,  except  they  who  make 
Gunpowder  find  by  Experience,  that  the  Powder  moift- 

ened  by  this  grows  fooner  dry,  and  is  formed  into  hardet 

•  ..  ..  •  *  •  » 

terrains. 

15.  Wherefore,  this  furprifing  Compofition,  which  ,5.  why 
was  firft  found  Out  by  Chance  about  three  hundred  Years  Gunpowder- 
ago,  will  very  eafily  take  fire;  becaufe  the  Fire  which J°**J*!d taket 
is  put  to  any  fmall  Part  of  its  Superficies  enters  in  by 

Means  of  the  Pores  of  the  Charcoal ,  in  a  Moment  of 
Time  ;  and  a  great  many  Parts  take  fire  almoft  all  to¬ 
gether  ;  firft  thofe  of  the  Charcoal ,  which  are  the  eafieft  of 
all  to  be  put  in  Motion  ;  and  then  thofe  of  the  Sulphur, 
which  immediately  agitate  the  Parts  of  the  Salt-Petrel 
and  thefe  being  very  folid,  and  dilating  themfelves  very 
much,  are  the  Caufe  of  the  extreme  Violence  of  the 
Fire.  The  Powder  being  in  Grains  contributes  alfo 
hereto,  becaufe  a  great  many  of  thefe  Grains  can  take 

fire  together.  , 

16.  (1)  Flame  is  nothing  elfe  but  Fire  wholly  dif-  1 e.JPbdt 
engaged  from  terreftrial  Bodies  which  yet  are  not  alto-  Flame 
gether  diffolved,  the  Particles  whereof  being  by  the  moft 
vehement  Agitation  moved  from  their  Place,  and  flying 

off,  conftitute  a  very  rare,  and  confequently  very  light, 
ftiining  Body. 

17.  The  Pyramidal  or  pointed  Figure  of  Flame,  is  17. 
owinjf  in  the  firft  Place  to  the  Lightnefs  of  it,  which  by  a*£*rr*jfdj 
carrying  it  upwards,  makes  it  open  and  divide  the  Air,  Figure* 
which  Opening  muft  of  Confequence  not  be  fo  wide  at 

(1)  Flame  is  nothing  elfe,  &c.)  Is  flame  without  emitting  a  copious 
not  Flame  a  Vapour ,  Fume ,  or  Ex -  Fume,  and  this  Fume  burns  in  the 
halation  heated  red-hot,  that  is,  fo  Flame .  Newt.  Qj>t*  page  3*6. 
bit  as  to  Jhine  f  For  Bodies  do  not 
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the  Place  where  it  ends ;  and  it  is  alfo  owing  to  this,  that 
the  higheft  Parts  of  the  Flame  are  not  fo  folid,  and  are 
lefs  agitated  than  the  other,  either  becaufe  they  have  been 
battered,  and  worn  by  dafhing  againll  each  other,  or  be¬ 
caufe  they  have  loft  a  good  deal  of  their  Motion,  for 
which  Reafon  they  ate  not  fo  able  wholly  to  refiii  the  fe¬ 
cond  Element  which  endeavours  to  comprefs  them. 

18.  Becaufe  the  Parts  of  the  Flame  which  are  conver¬ 
ted  into  Smoke  have  always  fome  of  the  Matter  of  the 
firft  Element  going  along  with  them *  therefore  there 
muft  always  be  fome  other  coming  to  tire  Flame  from 
the  Places  about  it  to  fupply  its  Place ;  which  cannot 
be,  but  the  grofler  Parts  of  the  Air  muft  be  alfo  dragged 
along  with  it ;  and  this  is  the  Reafon  why  the  Air  moves 
towards  the  Flame.  And  this  Motion  is  ftill  increafed 
from  hence,  that  the  Air  is  forced  to  go  and  fill  up  the 
Place  of  the  Parts  of  the  Wood  which  are  converted  into 
Fire. 

19.  The  Matter  of  the  firft  Element,  which  drags  the 
Air  along  with  it  towards  the  Flame,  cannot  help  drag¬ 
ging  fome  of  the  Parts  of  the  fecond  Element  along 
with  it  alfo  :  Thefe  therefore  entering  into  the  Flame 
along  with  the  Matter  of  the  firft  Element  in  which 
they  fwim,  muft  of  Confequence  be  as  much  agitated  as 
that*  and  fo  confpire  with  it  to  drive  away  every  Thing 
that  endeavours  to  fuffocate  the  Flame. 

20.  I  think  I  have  not  omitted  any  one  confiderable. 

Circumftance  with  refpeft  to  Fire  in  general  ;  One  Thing 
may  be  here  demanded,  and  that  is.  How  it  conies  to 
pafs,  that  if  two  Sticks  be  ftruck  orte  againft  another,  as 
hard  or  harder  than  a  Flint-ftone  is  ftruck  againft  the 
Steel,  we  do  not  find  any  Sparks  kindled  :  To  which  it 
may  be  anfwered  ;  that  the  Reafon  is,  becaufe  the  "Wood 
being  foft,  the  Parts  which  are  ftruck  firft  approach  a 
little  fooner  to  the  fecond  than  thefe  do  to  the  third,  and 
fo  on :  fo  that  a  very  little  only  of  the  Matter  of  the  fecond 
Element  is  driven  out  of  the  Wood :  Befides  the  Parts  of 
theW ood  not  being  at  all  ftifF,  they  return  back  very  flow- 
ly  into  that  State  which  they  were  in  before  they  Were 
ftruck:  Wherefore  they  don’t  break  quite  off,  but  give, 
an  Opportunity  to  the  Globules  of  the  fecond  Element  to 
e  nter  again  into  the  Pores  out  of  which  they  were  forced  : 
Whence  it  follows,  that  the  Matter  of  the  firft  Element 
cannot  loofen  the  Parts  of  the  Wood,  nor  put  them  into 
a  fufficieht  Agitation  for  them  to  be  in  the  Form  of 
Fire.  2^  '  '  :  .  t 

21.  This 
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21.  This  is  confirmed  from  hence,  that  if  two  Sticks  2T-  ,H°r2v 
of  exceeding  hardWood  be  ftruck  one  againft  another,  r’^lf 
they  will  produce  Sparks  of  Fire,  in  the  fame  Manner  •which  are 
as  two  Flints  ftruck  one  agairift  another.  So  likewife,  not  hard> 
if  two  Pieces  of  foft  Wood  be  rubbed  one  agairift  another  aZt/Jlr'vfiil 
for  fome  Time,  fo  that  a  good  deal  of  the  Matter  of  tbd  make  them 
fecond  Element  is  perpetually  made  to  come  out  of  them,  burn • 

and  the  Parts  of  the  Wood  put  into  a  more  than  ordinary 
Agitation,  they  Will  not  only  fend  forth  Sparks  of  Fire, 
but  many  Times  be  all  of  a  Flame.  .  1 

22.  We  might  alledge  for  an  Inftance  of  the  Truth  of22' 
this,  what  is  laid  concerning  certain  People  in  America , 
who  have  no  other  Way  but  this  to  kindle  a  Fire  when 
they  w&nt  one ;  but  not  to  go  fo  far,  don’t  we  fee  every 
Day  that  the  Axle-tree  of  a  Coach,  when  it  goes  very 
quick  in  dry  Weather,  and  the  Nave  of  the  Wheel,  by 
their  mutual  Attrition  will  both  be  fet  on  Fire  ? 


23.  After  what  has  been  now  faid  concerning  Fife  in  ^  tbJ 
general,  there  is  no  great  Need  of  faying  anyThirig  parti- /^terraneous 
cular  concerning  fubt err eane ous  Fires.  For  it  is  eafy  to  Fires* 
apprehend,  that  where  there  are  Mines  of  Sulphur  or  Bitu- 

tnen,  they  muft  fend  up  Exhalations,  -which  nieeting  with 
fubterraneous  Caverns,  they  muft  flick  to  the  Arches  of 
therri,  in  the  fame  manner  as  Soot  does  in  our  Chimneys, 
or  as  Flower  of  Sulphur  does  on  the  Tops  of  the  Chymifts 
fubliming  Vefiels,  where  they  often  mix  themfelves  with 
theNitre  or  Saltpeter,  which  comes  out  of  thole  Arches  in 
like  manner  as  we  fee  it  come  out  at  the  Bottom  of  an 
old  Wall,  arid  fo  it  makes  a  kind  of  Cruft  which  will 
Very  eafily  take  fire. 

24.  There  are  feveral  Ways  by  which  this  Cruft  may  24-  Several 
take  fire;  orte  is,  the  Dafhing  together  of  fome  of  its 

Parts  which  are  forced  by  their  own  Weight  to  feparate  jret 
from  the  Arch  of  the  Cavern  where  this  Cruft  is  form^ 
ed  ;  another  is,  the  Fall  of  fome  great  Stone,  which 
is  undermined  by  infenfible  Degrees  (1)  by  the  Rain  till  it 
be  quite  loofened  from  the  Rock  which  is  over  this  Ca- 


CO  By  the  Bain,  &c.)  *  It  is 
c  not  only  probable  that  Stones  are 

*  broken  off  by  their  own  Weight, 

*  but  becaufe  Rivers  run  over  them, 
i  the  continual Moifture  weakens  the 
t  Joints  of  the  Stone,  and  is  every 

*  Day  getting  it  off  from  thofe  which 
«  it  is  fattened  to,  and  (as  l  may  fay) 
t  {having  off  the  Skin  in  which  it  is 


*  contained.  Afterwards  by  perjJe- 

*  tual  wearing  they  grow  lefs  arid 

*  lefs,  and  in  length  of  Time  be- 
«  come  fo  weak,  that  they  are  no 

<  longer  able  to  bear  their  own 
‘  Weight.  Then  Stones  of  a  pro. 
‘  digious  Weight  fa])'  down,  and 

<  thofe  Rocks  tumble,  Seneca, 
Nat,  Quejl.  Book  6»  Chap,  2Z. 
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w'-s  vern,,  and  fo  tumble  down,  and  breaking  .in  Pieces 
fome  part  of  this  Cruft,  it  fets  it  on  Fire  in  the  fame  man¬ 
ner  as  we  faid  the  Americq?is,  fet  two  Pieces  of  Wood  on 
f  ire,  by  rubbing  them  one  againft  another,  or  as  the 
Peftle^  in,  the  Gunpowder-Mills  fometimes  fet  the  Pow¬ 
der  on  Fire,  in  pounding  it,  if  the  Materials  fhall  chance 
to  be  but  a  little,  too  dry :  A  third  is,,  when  one  Stone 
a$  it  falls  ftrikes  .againft  another,  and  fo  produces  fome 
Sparks  which  fet  fire  to  the  combuftible  Matter,  that  is 
:  -  neat  i  to  which  we  may  add  farther,  that  a  large  Stone, 
in  falling  from  a  very  great  Heighth  in  thefe  fubterrane- 
Ous:  Caverns,  may.  by  the  Swiftnefs  of  its  Fall,  force  the 
Afr.  (which  it  .meets  with,  and  which  it  caufes  to  af- 
cend^)  to  move  fo  extremely  fwift,  as  to  put  fome  parts 
of  the  terreftrial  Matter  which  are  there,  in  as  great  Agita¬ 
tion  as’ the  Matter  of  the  firft  Element,  and  which  may 
confequently  ( 1 )  fet  oh  Fire  all  fuch  combuftible  Things 
as  are  in  the  Way* 

'there  are  All  the  fubterraneous  Fires  which  are  kindled  irt 

fubterrane -  the  Bowels  of  the  Earth,  do  not  always  break  out  fo  as  to 
be  feed  j,  for  they  may  be  immediately  choaked  as  foon  as 
they  begin,  for  want  of  Vents  or  Holes  for  the  Fumes  to 
exhale  through  :  So  that  thofe  People  who  live  upon  the 
Earth  under  which  fuch  Fires  are  kindled,  may  not  al¬ 
ways  perceive  them* 

2,6.  However,  if  the  fubterraneous  Cavern  be  filled 
'caufcdT  wfth  a  very  denfe  Exhalation,  fuch  as  that  which  a  Can¬ 
dle  fends  forth  when  it  is  juft  put  out,  it  may  take  fire 
all  at  once,  and  by  dilating  it  felf,  lift  up  the  Earth  which 
is.  above  it,  in  the  fame  manner  as  Gunpowder  put  into 
Mines  lifts  up  the  Ground  under  which  thofe  Mines  are 
made.  After  Which,  when  the  Exhalation  is  fpent,  the 
Earth  which  is  lifted  up,  falls  down  again  by  its  own 
Weight ;  and  in  this  manner  are  Earthquakes  effected ,  it 
may  alfo  happen,  that  one  fuch  Earthquake  may  be  fuc- 
ceededby  feveral  others',  if  there  be  feveral  Caverns  near 
one  another,  which  have  any  Communication  with  each 
other,  fo  that  the  Exhalations  they  are  filled  with  may 
be  fucceifively  kindled*  » 


out  Fires 
which  do 
not  appear. 


2,6.  How 
Earthquakes 
are 


(I)  Set  on  firet  & c.)  A  much 
more  probable  Caufe  of  the  fetdng 
on  fire  than  any  of  thefe,  is  fuch 
a  Fermentation  of  Valours  as  that 


of  f<>me  Liquors,  ard  of  what  they 
call  Puhnt  Fulminant.  See  above 
Art .  1  j. 


27*  It 
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27.  It  may  fo  happen,  that  a  Tingle  Cavern  may  be  *7 ' 
fo  large,  and  the, Traci  of  Land  which  is  as  an  Arch Z«ylefZal 
over  it,  may  be  fo  great,  that  it  may  divide  aflunder  lowed  uf, 
and  open  towards  the  Middle,  and  the  Places  thereabouts 
may  fink  down  much  deeper  than  they  were  before  :  And 
this  explains  how  whole  To>vns  may  be  fwallowed  up  by 
one  fingle  Earthquake,  • 


C  H  A  P.  X, 

Of  F  0  U  N  T  4  I  N  s. 

THOUGH  we  cannot  confider  the  Origin  of  Foun-  i.  That  tb& 
tains  without  fome  Kind  of  Admiration ;  yet  theEn-  Runtime 
quiry  into  this  Origin,  does  not  feem  to  be  any  very  comefrom 
difficult  Thing.  For  firft,  if  we  confider,  that  the  tbt  Sea. 
Springs  of  moft  of  them  never  dry  up,  and  that  the  Ri¬ 
vers,  which  are  a  Collection  of  them,  though  they  run 
continually  into  the  Sea,  yet  never  fwell  it,  we  may  ea* 
lily  conclude,  that  the,  Sea  furnifhes  all  the  Fountains 
with  Water. 

2.  Moreover,  feeing  ’tis  manifeft  that  there  are  a  great  a- 
Number  of  Chinks  in  the  outward  Earth,  it  is  reafonable 
to  think,  that  thefe  (i)  are  like  fo  many  Channels  through  taint» 
which  the  Water  is  carried  from  the  Ocean,  by  its  own 
Weight  and  L,iquidnefs  to  the  moft  remote  Places  where 
we  obferve  the  Springs  to  be.  But  becaufe  heavy  Liquors 
contained  in  large  Veflels,  keep  themfelves  upon  a  Le*r 
vel,  and  do  not  rife  higher  in  one  Place  than  in  another  } 
we  don’t  fee  how  the  Wat^r  which  comes  from  the  Sea 

(l)  Are  like  fo  many  Channels ,  &c*)  creafe  thefe  Waters  by  being  added 
To  which  we  may  add,  that  Rain  to  them  ;  or  rather  that  they  make 
and  melted  Snow,  and  Vapours  up  the  princpal  Part,  if  not  quite 
raifed  out  of  the  Sea  by  the  Heat  of  the  whole  of  them.  See  Varen . 
the  Sun,  and  driven  by  the  Winds  Geogr .  Book  1.  Ct.af  i6.  Prof.  5» 
ppon  the  cold  Sides  of  very  high  C/'erc't  Pbyf.  Book  II.  Cbap.-j.  Voff. 

Mountains,  on  which  they  flick,  be-  of  the  Orig •  of  tbe  Nile  and  otb<r 
ing  condenfed  Ipy  the  Cold,  and  run  Rivers ,  Chif.V  and  V 1 II*  and  tbe 
through  the  Chinks  of  the  Earth  P bilojopbical Pranja E^iont yNiiitib.Jl^ 
and  Stones,  into  Receptacles  of  Clay  and  19 z. 

Sind  Stones  which  are  within  it  j  in-  .•  O'.  ' 

N  3  Ihould 
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fhould  rife  higher  in  Burgundy,  for  Example,  or  Cham¬ 
paign ,  where  the  Springs  of  the  River  Sein  are,  than  in  the 
Sea  near  Havre- da-grace  where  this  River  difcharges  it 
felf.  And  yet  the  Countries  of  Burgundy  and  Cham¬ 
paign,  where  thefe  Springs  are,  being  fo  much  higher 
than  the  Surface  of  the  Sea,  as  the  whole  Fall  of  the 
River  Sein  in  the  whole  Length  of  its  Courfe  is,  we  muft 
conclude  that  the  fmall  Veins  of  Water,  which  reach  to 
the  Places  where  thefe  Springs  are  and  furniflies  them  with 
Water,  muft  rife  fo  much  above  the  Surface  of  the  Sea. 
Wherefore  we  muft  find  out  the  Caufe  of  the  Waters 
being  raifed  to  the  hollow  Places  in  the  Mountains  from 
whence  we  fee  them  come,  and  alfo  explain  why,  when 
the  Water  in  the  Sea  is  *  fait,  that  in  thefe  Springs  is 
not  fo. 

3 . ‘That the  3.  We  cannot  acquiefce  in  the  Opinion  of  fome  Phi- 
^ZToraw  l°f°phers5  who  aferibe  to  the  Parts  of  the  Earth  whi^h  are 
up  the  iVa-  above  the  Veins  of  W ater,  a  Power  of  fucking  and  draw- 
ters  by  Sue-  jng  them  up  to  the  Tops  of  high  Mountains  ;  becaufe  we 

are  fure  that  Suction  prefuppofes  a  Power  of  moving  it 
felf  in  the  Body  that  fucks.  Thus  we  cannot  fuck  up  any 
Liquor  without  fwelling  our  Bodies,  which  We  ought 
not  to  prefume  that  the  Earth  can  do  ;  and  the 
Comparifon  they  bring  of  a  Sponge  dipped  into  a  lit-’ 
tie  Water,  fignifies  nothing  :  For,  befides  that  there 
can  be  but  a  little  Water  raifed  up  in  that  Manner,  it 
would  follow,  that  the  Water  in  the  Springs  would  be 
fait,  becaufe  Salt  can  very  eafily  pafs  through  all  thofe 
Places  where  any  confiderable  Quantity  of  Water  cart 
pafs. 

4.  Anab-  *  4.  Nothing  can  be  more  abfurd  than  the  Opinion  of 
JpftmPbi-  other  Philofophers,  who  are  perfuaded  that  the  Wa- 
iojopbtn .  ter  of  the  Sea  extends  it  felf  to  thofe  Places,  in  the  high- 

eft  Mountains,  where  we  fihd  any  Springs,  becaufe  thd 
Surface  of  the  Sea  is  higher  ftill  than  thofe  Places  in  the 
Mountains  :  For  if  this  were  fp,  it  would  follow.,  that 
the  Rivers  which  return  into  the  Sea  would  afeend  and 
not  defeend. 

5,7 bat  the  ‘  5.  That  then  which  appears  to  me  moft  reafonable  to 
Water  of  the  think  concerning  the  Manner  in  which  Water  is  raifed, 
intbeForm  fr011* fhofe  very  low  Places,  and  which  are  at  fuch  a Di- 
of  Vapour i  ftance  fropi  the  Sea,  to  which  their  own  Weight  and 
vp  into  tbe  Liquidnefs  brought  them  firft,  is  this ;  that  it  is  dilfolved 
C&Uuntam.  Vapours  by  the  Heat  which  is  in  the  Bowels  of  the 
Earth,  which  Heat  is  found  by  Experience  to  be  the  great- 

*  r  -  •  ‘  ’ .  cr> 
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er,  the  deeper  we  go  :  Now  thefe  Vapours  cannot  extend 
themfelves,  nor  continue  on  their  Motion  conveniently 
by  expanding  fide- ways, becaufe  there  are  others  which  en¬ 
deavour  to  dilate  themfelves  at  the  fame  Time  on  all 
Sides ;  wherefore  they  mu  ft  neceflarily  rife  up  into  the 
high  Mountains  :  And  this  is  fo  true,  that  fonie  of  them 
are  carried  up  into  the  Air,  where  they  are  afterwards 
formed  into,  and  compofe  Rain,  Snow,  and  Hail. 

6.  This  being  fo;  It  is  eafy  to  apprehend,  that  thefe  6.  That  thefe 
Vapours,  when  they  come  towards  the  Superficies  of  the  Vapours  ky 
Earth,  where  the  Parts  of  it  are  cold,  muft  lofe  a  great 

deal  of  their  Motion  :  So  that  not  having  Motion  enough  ply  the  * 
to  rife  any  higher,  there  remains  only  fo  much  as  is  fuf-  springe 
ftcient  to  make  them  Hide  by  each  other,  and  gather  in-  Wltb  w attT * 
to  fmall  Drops  of  Water,  whofe  Weight  makes  them  run 
downwards ;  where  a  great  many  of  them  happening  to 
meet  together,  they  compofe  a  fmall  Stream  of  Water, 
which  runs  on  further  to  fome  Place  where  it  unites  it 
felf  with  a  great  many  other  fuch  like  Streams  ;  And  thus 
they  all  of  them  together  compofe  a  pretty  large  Vein  of 
Water,  which  finding  fome  Cleft  in  the  Mountain  for  it 
to  come  out  at ;  we  call  it  a  Spring  of  running  Water  or 
a  Fountain.  •  ~ 

7.  The  Veins  of  Water  which  thus  fupply  the  Springs  7.  That 
or  Fountains,  ought  to  be  found  in  the  Cavities  of  Moun- 

tains,  that  they  may  come  out  and  run  down  by  their  own  Well*. with 
Weight :  And  as  for  thofe,  which  in  great  Numbers  Water. 
lie  hid  under  Plains  and  Valleys,  it  is  evident  that  they  can 
never  rife  from  under  the  Surface  of  the  Earth  :  However, 
thefe  are  not  wholly  ufelefs  ;  For  befides  their  Ufefulnefs 
in  moiftning  fome  Parts  of  the  Earth,  and  affording  nutri- 
cious  Juice  for  Plants,  they  ferve  alfo  to  form  Wei  js  and 
to  fill  them. 

8.  And  becaufe  the  (1)  Salt  does  not  rife  up  in  Va -2.  That  doth 
pours  along  with  the  Parts  of  frefh  Water  ;  it  is  manifeft 

that  the  Waters  qf  Springs  and  Wells  muft  be  frefh,  ought  to  he 

9.  Wherefore,  if  there  be  any  Springs  which  fend  forth /"A 
$alt-JVaUr ,  as  there  are  fome  in  Burgundy  and  Lor  rain ,  spring* 
it  is  becaufe  they  (2)  difiblve  the  Salt  which  they  meet  fend  forth 
with  in  the  Earth  as  they  run  along  ;  as  we  fhall  eafily  be  Salt -Water. 
convinced,  if  we  obferve  that  thefe  Waters  eat  up  their 

(1)  The  Salt  does  not  rife  up,  See  )  other  Salts,  & c.  as  it  pifles  through 
We  may  add,  that  the  Salt  is  gradu-  the  Earth,  is  precipitated, 
ally  feparated  from  the  Water  oy  be-  (2)  Diffolne  the  Salt  which  they 
ing  drained  through  a  great  deal  oF  meet  with.  See.)  See  Vareniue  Geogr'. 

Sand,  arid  perhaps  being  mixed  with  Book  1,  Chap.  17,  Prop.  14. 

N  4  '•  Banks 
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%Q.  Where - 
in  tbeVertue 
tf  medicinal 
Water  s  con- 
JiJls. 


IT.  Of  the 

Bourbon 

Wqteru 


Blanks  by  Degrees,  fo  that  they  are  now  much  deeper  than 
they,  formerly  were. 

iq.  If  inltead  of  Salt,  the  Veins  of  frefh  Water  meet 
with  any  metallick  Matter  or  any  Minerals  whatfoever, 
they  take  off  fome  of  the  fineft  Parts  from  them ;  and 
hence  arifes  all  the  different  Properties  of  thofe  Waters 
which  have  their  particular  Ufes  in  Phyfick,  fuch  as  thofe 
o $  Forge y  St.  JVLion^  Pougues  and  Spaw. 

II.  The  Waters  of  Bourbon  are  v.ery(i)  remarkable 
for  theif  Heat ,  which  very  probably  is  owing  to  their  be¬ 
ing  mixed  with  fome  fmall  Bodies  that  are  in  great  Agita¬ 
tion,  which  in  fomeMeafure  refemble  thofe  fmall  Parts 


lit  That 
tbefe  Sort  of 
Water s  need 
not  contain 
onyfcnfible 
Sfuantity  of 
tbofe  foreign 
Jjlodiei, 


13.  Of  pe¬ 
trifying 

Springs, 


which  rife  up  firft  in  Wine  when  it  is  diftilled,  and  which 
Chymifts  call  Spirits  ;  For  if  thefe  Waters  be  carried  a- 
way,  they  immediately  lofe  all  their  Vertue,  if  the  Veffels 
they  are  put  into  be  not  well  Hopped. 

12.  And  it  is  not  at  all  neceffary,  that  all  thefe  particu¬ 
lar  Sorts  of  Water,  Ihould  contain  any  fenfible  Quantity 
of  thofe  foreign  Corpufcles,  in  order  for  them  j^to  have 
thofe  Properties  which  we  fee  in  them.  For  we  find  by 
Experience,  that  Regulus  of  Antimony  infufed  feveralTimes 
in  a  large  Quantity  of  Wine,  will  not  be  at  all  diminifti- 
ed,  though  it  makes  the  Wine  a  very  ftrong  Vomit,  A 
great  many  Phyficians  therefore  do  in  vain  perplex  them- 
felyes,  to  find  out  by  Diftillations  what  thofe  foreign  Bo¬ 
dies  are  which  are  contained  in  medicinal  Waters. 

13.  The  Vertue  afcri bed  to  fome  Fountains,  (2)  of  pe¬ 
trifying,  or  turning  into  Stone,  feveral  Sorts  of  hard  Bodies 
thrown  into  them,  fuch  as  Pieces  of  Wood,  Bones,  and 
Mufhrooms,  confiffs  in  nothing  elfe  but  this,  that  they 


(l^  Remarkable  for  their  Heat  ,Scc) 
See  Seneca's  Nat .  S$uejl.  Book  HI. 
Cbap-zq..  and  Varen.  Geogr.  Book  1. 
Chap.  17,  Prop.  7. 

(zj  Of  petrifying  or  turning  into. 
Stone ,  &e.)  There  is  a  River  in 
Thrace,  -which  if  you  drink  of,  it 
-will  turn  your  Bo-wels  into  Stone,  and 
(afes  -with  Marble  whatever  is  put 
into  it.  Concerning  which  Seneca 
thus  fpcaks,  in  his  Nat.  ££ue/l. 
Book  III.  Cbap.  20.  tf  The  Mud  of 
“  it  is  of  that  Nature,  that  it  glues 
**  Bodies  tr>ge.her,and  hardens  them. 
“  As  the  Dull  of  Puteoli, \f  it  touch- 
es  the  Water,  it  becomes  Stone, 
**  fo  on  the  contrary,  this  Water, 
*.«  if  it  touches  anyThing  f  lid,  flicks 
f*  and  cleaves,  to  it.  Hence  it  is, 
**  thatThings  thrown  into  this  Lake 


“  are  afterwards  taken  out  converted 
into  Stones.  The  fame  Thing 
<<  happens  in  fome  Parts  of  Italy, 
(C  if  you  put  in  aRod  or  a  greenLeaf, 
“  in  a  few  Days  after,  you  take  out 

t(  a  Stone” - And  Pliny ,  Book 

JI.  Cbap .  103.  “  In  the  Cicont  Ri- 
i(  ver,  and  in  the  Lake  of  Velinus , 
in  the  Country  of  Marca  di  An- 
<c  con  a  Wood  caft  in,  is  covered  o- 
“  ver  with  a  ftony  Bark,  and  in 
t(  Surius ,  a  River  in  Colchis  j  fothat 
*e  a  hard  Bark  commonly  covers  0- 
“  ver  the  Stone  ftill.  So  Hkewifc 
“  in  the  RlvtrSi/arius ,  beyond  Sur- 
*<  rentum ,  not  oply  R.ods  put  in,  but 
(t  a Ifo Leaves  turn  ipto  Stone  j  The 
“  Water  is  otherwife  -Very  whole- 
**  fome  to  drink.”  r  . 


con- 
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contain  in  them,  a  great  deal  of  that  terreftriai  Matter, 
which  we  before  faid  helps  to  unite  the  more  grofs  Parti- 
cle$  of  Sand,  and  fo  compofe  Flint- ftorie,  Free-ftone, 
and  Marble,  a  vifible  Quantity  of  which  is  found  ( I )  in 
the  Tubes  which  bring  the  Waters  of  Arcull  and  IJfi 
to  *  this  City  ;  which  Matter  is  flopped  in  the-  Pores  of  *  Paris . 
thofe  Bodies  fo  that  they  are  filled  with  it.  And  of  this 
we  have  an  undoubted  Proof,  becaufe  the  Bodies  thus  pe¬ 
trified  appear  no  longer  porous,  but  are  much  harder  and 
heavier  than  they  were  before. 

14.  If  inftead  of  fhat  terreftriai  Matter  now  mentio-  '4-- 
ned,  raifecf  up  by  the  Pleat  of  the  Earth  in  the  Form  of 
Exhalations  along  with  a  very  great  Quantity  of  Va¬ 
pours,  this  fame  Heat  fhould  raife  up  a  confiderable 
Quantity  of  greafy  Exhalations,  which  might  come  to 
unite  together  and  condenfe,  when  they  meet  with  the 
cpld  Parts  of  a  Mountain,  thefe  would  compofe  alfo  a 
greafy  Liquor,  and  confequently  we  fhould  fee  (2)  a  Spring 
running  with  Oil.  But  this  can  happen  but  very  feldom, 
becaufe  fuch  Exhalations  are  much  harder  to  be  raifed  up 
than  Water.  And  if  there  be  any  little  Veins  of  Oil  to 

be  met  with  at  all,  it  muft  be  in  very  low  Places,  fuch  as 
Mines  are. 

15.  There  are  other  Springs  which  are  remarka-  J5-  °f a 
ble?  not  for  any  particular  Vertue  that  is  in  their  Wa- 

ter,  but  only  becaufe  (3)  the  Water  runs  at  a  certain  tain . 
Time,  and  keeps  a  certain  Period  :  For  thefe  Springs 
are  obferved  to  run  when  the  Sea  flows,  and  to  flop 
when  the  Sea  ebbs,  It  will  be  no  difficult  Matter  to 
account  for  this,  if  we  confider  that  all  the  Wa y 


(1 )  In  the  Tubes,  See.)  *  Awhitlih 
e  and  commonly  fulphuri/h  Water, 

*  hardens  about  the  Canals  and 
‘  Tubes.’  Seneca's  Nat.  Qucejl. 
Book  III.  Cbap  20.  *  The  Springs 
(  at  Marpurg  beyond  the  Rhine  in 

*  Germany  are  hot,  and  their  Waters 

*  make  a  Pumice  fione  about  the 
«  Bank?.’  Pliny ,  Book  31.  cb.  5. 

(2)  A  Spring  running  <witb  Oil, 
&C-)  Polyc/ytus  relates,  ‘  That  near 

*  Softy  a  City  of  Cilicia,  there  was 

*  a  Spring  that  fupplied  the  Place  of 

*  Oil. - ’ Tbetpbraftui  fays,  that 

4  there  was  a  Spring  in  Ethiopia , 

*  which  had  the  fame  Vertue.  That 

*  the  Water  of  the  Spring  Lycos 
4  tyould  hum  by  putting  a  Candle  to 


*  it  ;  and  the  fame  is  reported  of  Ee- 

*  bat  ana.'  Plin.  Book  31.  Chop .  2, 
Some  fuch  Sort  of  Springs  are  now  to 
be  found  alfo.  See  Varen.  Geogr , 
Book  I.  Cbap.  17.  Prop.  %. 

(3)  Tbe  kVater  rum  at  a  certain 
Time,  &c.)  *  There  is  a  Spring  in 

*  the  Form  of  a  Well  near  the 

*  Temple  of  Hercules  at  Cadiz, 

*  which  fometimes  rifes  and  falls  as 
f  the  Sea  does  j  at  other  Times  it 

*  does  the  reverfe  j  in  the  fame  Place 

*  another  agrees  with  the  Times  of 

*  the  Sea.’  Pliny ,  Book  11.  Chap. 
97 .  There  are  feme  Springs  now  to 
be  found  which  do  the  fame.  See 
Varen.  Geogr,  Book  1.  Cbap.  17. 
Prop,  i?. 


from 
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from  the  Sea  to  the  Mountain  where  any  one  of  thefe 
extraordinary  Springs  is,  there  is  a  Channel,  into  which 
the  Water  of  the  Sea  enters  but  a  little,  the  remaining 
Part  of  it  being  filled  with  Air  only,  becaufe  it  is  above 
£he  Level  of  the  Sea :  This  being  fuppofed  ;  every  Time 
the  Sea  flows,  it  rifes  up  in  this  Channel  and  fills  it  fuller 
than  ordinary :  And  as  it  rifes,  it  drives  along  the  Air 
and  Vapours  contained  therein  towards  the  Head  of  the 
Spring:  Whence  confequently  the  Water  muft  run  out. 
On  the  other  Hand,  when  the  Sea  ebbs,  the  Water  in 
fhe  Channel  defcends,  and  the  Air  alfo  that  is  in  it  re¬ 
turns  towards  the  Sea,  and  carries  along  with  it,  all  the 
Vapours  that  could  be  condenfed  into  Water  j  fo  that  the 
Spring  is  dry  all  that  Time, 
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CHAP.  XI. 

•  *  » '  •  >  .  . 

0/  winds: 

i.  of  the  *  TjA  VI N  G  {.bus  endeavoured  to  give  an  Account  of 
Werd^Wind.  XT  what  is  moil:  confiderable  in  the  Earth ;  let  us  now 
examine  what  paffes  in  the  Air,  and  try  to  explain  what: 
are  generally  called  Meteor r,  the  moft  common  of  which 
is  the  Wind ,  that  is  to  fay,  that  fenfible  Agitation  of  thq 
Air  by  which  a  confiderable  Part  of  it  is  carried  out  of 
one  Country  into  another» 

,  <rbat  thg  2.  Now  if  we  confider  that  the  fluid  Matter  of  the 
Wind  ought  firfl:  and  fecond  Element  which  turps  round  abopt  a  certain 
to  blow  con-  Center,  defcribes  an  entire  Circle  fo  mu^h  the  fooner  as 
'fiafttofyeji  the  Circle  is  lefs  ;  for  Inftance,  that  which" turns  about 
in  the  tonid  the  Sun,  and  is  near  it,  makes  a  Revolution  fooner  than 
Zone,  that  which  is  further  off  ;  and  that  which  is  about  Jupi¬ 
ter ,  and  very  near  him,  compleats  its  Courfe  fooner  than 
that  which  is  more  diftant  ;  we  fhall  be  apt  to"  think 
that  the  Cafe  is  the  fame  with  refpedl  to  the  Matter  of 
the  hrfl:  and  fecond  Element  which  encompafles  the  Earth, 
and  turns  about  it ;  and  confequently  it  fhould  feem  that 
(i)the  fluid  Matter  which  is  about  the  Equino<5lial  Line, 

fhould 


(i)  The  fluid  Matter  which  is  a-  we.  may  add,  that  the  Sun,  In  all 

beat  the  EquintBul,  See-)  To  this  Fails  of  the  torrid  Z one  very  much 

"  ratifies’ 
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fhould  take  up  a  little  more  Time  to  finifli  its  Revolu¬ 
tion  from  Weft  to  Eajt ,  than  that  Matter  which  is  about 
the  two  Poles,  where  the  Circles  defcribed  by  it  are  the 
leaft  of  all :  And  oecaufe  the  Earth  is  always  carried  tha; 

Way  by  this  Matter,  we  conclude,  that  it  muft  be  carried 
with  a  mean  Velocity  betwixt  that  of  the  Matter  which 
is  near  the  Poles,  and  that  of  the  Matter  which  is  near 
the  Equator  3  that  is  to  fay,  it  advances  not  quite  fo  fall: 
from  Weft  to  Eajt,  as  the  Matter  which  is  near  the  Poles 
does,  and  a  little  fafter  than  the  Matter  under  the  Equa¬ 
tor  3  where  confequently  we  ought  to  perceive  a  Wind 
from  Eafi  to  Weft :  And  this  is  what  all  Mariners  have 
found  by  Experience  3  who  have  always  obferved  the 
Wind  on  their  Backs  when  they  fail  from  Eajt  or  Weft 
in  the  torrid  Zone,  and  alway  the  contrary  Wind  when 
they  fail  from  Wejl  to  Eajt. 

3.  Becaufe  the  Air  becomes  of  the  fame  Nature  with  3.  of  tbe 
the  Country  through  which  it  paffes,  and  is  very  much  polities  of 
heated  in  going  over  fandy  Places,  which  reflect  almoft  tbe 
all  the  Rays  of  the  Sun  3  and  very  much  cooled,  in 
pailirig  over  Water,  which  abforbs  almoft  all  the  Rays  3 
it  will  eafily  appear,  that  the  Wind  which  we  are  fpeaking 
of,  muft  considerably  cool  thofe  Countries  into  which  it 
is  carried  over  a  long  T ra£t  of  Sea.  And  thus  we  ap¬ 
prehend  the  Eajiern  Parts  of  Africa  to  be  very  temperate, 
though  they  be  the  Middle  of  the  torrid  Zone,  becaufe 
they  are  perpetually  cooled  by  the  Eajt  Wind  which 
comes  thither  from  the  Perfian  Sea  :  But  it  is  otherwife 
in  the  Wejiern  Parts  5  for  though  the  Eajt  Wind  prevail 
there  a§  it  does  in  the  other  Countries,  yet  it  does  not 
come  thither  till  it  has  had  Time  to  be  heated  in  palling 
over  a  great  many  fandy  Countries. 


rarifics  the  Air  which  it  is  every  Day 
almoft  dire&iy  over  j  and  the  Air 
thus  rarifted,  becaufe  when  the  Sun 
is  about  fetting,  it  cannot  take  up  i'o 
much  Space,  muft  neceflarily  be  ccn- 
denfed  by  the  Force  of  the  denfer  apd 
heavier  Air  ru/hing  upon  it  from 
the  Eafi.  Wherefore  the  whole 
Mars  of  Air  muft  conftantly  follow 
the  Sun,  that  is,  flow  towards  the 
Weft.  See  Clere' t  Pbyfick,  Book  ill. 
Chap.  5.  and  the  PbilofopbicalTran- 
fathom,  Number  183. , 

But  concerning  the  Wind’s  blow¬ 
ing  from  the  Eafi  in  the  torrid  .Zone, 
Arfiotle  fays,  At.d  fo  here  tbe 


North-  Wind  ceafet  and  cannot  pent* 
trate  ar.y  farther  j  Upo%  tbe  Southern 
Coafi  beyond  Lybia,  at  the  Wind 
blows  North  and  South  here,  fo  there 
tbe  Esft  and  Weft  Wind  always 
blow  fucceffwely  by  turns.  Meteor  z. 
Chap.  5.  It  is  a  very  wor.d<rful 
'thing  (fays  Fred.  Bonaventure)  that 
tbe  oidefi  Pbilofopbert ,  when  neither 
he  nor  any  of  tbe  /indents,  as  we 
believe,  bad  found  out  wbat  thofe 
Countries  were,  fnould  yet  Jo  truly 
and  fo  exafily  declare  wbat  Winds 
did  blow  and  wbat  did  not ,  intboje 
Placet  where  they  bad  never  been. 

*  \ t  *.  *\ 


4.  The 


£04 

4*  Why  the 
'Eib-Wind 
plows  in  tbs 
Morning» 


5,  Why  the 
WtR-prind 
plows  in  the 
Evening* 


6.  Why  tbt 
Wind  is 
North  at 
•Nssn-day. 


7,  Why  the 
South- 
IVind  blows 
at  Midnight 


H.  Ti> at  th« 
Ea  &-Wind 
aught  to  be 
yi ranger  than 
the  Wtft- 
mnd. 
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4.  The  Sun  cannot  but  dilate  the  Air  by  heating  it,  and 
fo  caufe  it  to  move  fometimes  one  Way  and  fometimes 
another  in  the  fame  Country,  according  to  its  different 
Pofition  with  refpedf  to  that  Country  ;  and  this  is  the 
Reafon  why  we  perceive  feveral  Sorts  of  Winds.  Thus 
for  Inftance,  when  the  Sun  rifes  wjth  us,  it  dilates  the 
Air  which  it  is  perpendicularly  over,  and  caufes  it  fo  to 
move  every  Way,  that  fome  Parts  of  it  muft  come  to¬ 
wards  the  IVeJt^  where  we  are;  Whence  it  folio ws?  that 
we  ought  then  to  feel  the  Wind  from  the  Eaji, 

5.  On  the  contrary,  when  the  Sun  fets,  the  Air  which 
is  diredfly  under  it,  by  dilating  it  felf  every  Way,  muft 
have  fome  Part  of  it  come  towards  the  Eaji ,  where  w© 
then  are  with  Refpe<ft  to  the  Sun  ;  Wherefore  we  ought 
to  perceive  the  Wind  to  be  Weji  then.  And  becaufe 
what  we  have  faid  of  our  Country,  may  be  applied  to 
others  which  are  out  of  the  torrid  Zone,  we  may  affur© 
our  felves,  that  the  Eafi- Wind  blows  in  thofe  Places  n> 
the  Morning,  and  the  IVeJi- Wind  in  the  Evening. 

6.  Further;  It  is  to  be  obferved,  that  when  the  Sun 
dilates  the  Air  which  is  dire&ly  under  it  when  it  is  in  the 
Meridian,  part  of  that  Air  muft  be  lifted  high  up,  and 
then  carried  by  its  own  Weight  towards  that  Pole  which 
is  next  it,  where  it  drives  forward  the  Air  that  it  meets 
with,  and  forces  it  downwards  towards  the  Equinoctial 
Circle  :  Thus  it  is  evident,  that  at  |^oon-Time,  in  any 
Northern  Country,  we  ought  to  feel  the  Wind  blow  from, 
North  to  South. ,  and  alfo  to  blow  downwards. 

7.  Without  dou^t  the  Sun  has  no  Power  over  thofe 
Countries  where  it  is  M^night  ;  yet  becaufe  the.  Heat 
which  it  excites  in  the  Day,  continues  for  fome  Time  on 
the  Earth,  this  caufes  a  large  Quantity  of 'Vapours  to  rife 
up  which  are  hindred  from  amending  very  high  by  the 
Air  which  the  cold  Night  conden  fes;  fo  that  they  are 
forced  to  move  along  upon  the  Earth  from  the  Equinoc¬ 
tial  Circle  where  they  afcend  in  very  great  Quantities  $ 
and  fo  carrying  the  Air  along  with  them,  they  caufe  a 
Wind  from  South  to  North ,  in  thofe  Places  which  are  on 
this  Side  <?f  the  Equator, 

3.  Thele  four  Winds  which  blow  in  their  Turns,  from 
the  four  principal  Quarters  of  the  World,  ought  to 
have  different  Properties,  And,  Firft,  the  is^-Wind, 
which  prevails  in  the  Morning,  ought  to  be  ftronger  than 
the  IVeji- Wind ;  not  only  becaufe  it  confpi res  with  the 
firft  general  Wind  which  is  obferved  to  blow  continually 
between  the  two  T ropicks*  but  alfo  becaufe  the  Air  whicft 

dilates 
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dilates  it  felf  and  blows  towards  the  Weji^  tends  towards 
a  Place  where  the  Sun  having  been  gone  from  the  Me¬ 
ridian  eighteen  Hours,  the  Air  has  had  Time- to  grow 
cool,  and  to  be  confiderably  more  con  denied  than  that 
towards  which  the  Wind  tends,  where  .  the  Sun  is 
but  fix  Hours  from  the  Meridian,  and  where  it  caufes  the 
greateft  Heat  and  the  greateft  Rarefaction.  . 

9.  /The  North- Wind  ought  to  be  pretty  ftrong,  becaufe  th* 

it  is  excited  by  the  Sun  when  it  has  the  moft  Power,  ^tnd  'ougbt 
viz*  when  it  is  in  the  Meridian.  And  on  the  contrary  to  beftronger 
the  South- Wind  ought  to  be  Very  gentle.  than  the 

10.  As  to  any  other  Qualities  of  thefe  four  Winds, 
thofe  that  are  JlrongeJi  ought  to  be  the  coldcjl ,  according/*;^/ 

to  what  was  faid  concerning  Cold  in  the  firft  Part  of  this  Wi»ds°ugi( 
T  reatife.  .  /  Mfi . 

11.  Further,  it  is  evideilt  that  thef ylrong  Winds  ought  n.  That 
alfo  to  be  the  moft  capable  of  dryings  that  is,  of  difiodg-  tb.f  cugbt  r 
ing  any  Particles  of  Water  which  may  be  in  the  Pores  or  dryej}.  *** 
upon  the  Surface  of  terreftrkl  Bodies  which  are  expofed 

to  the  Air  ;  fo  likewife  on  the  other  Hand,  th z  gentkft 
Winds  ought  to  be  the  moiftej. ?,  not  only  becaufe  they 
cannot  give  the  Parts  of  the  Air  a  fufficient  Force  to 
diflodge  the  Parts  of  the  Water  which  they  meet  with  ; 
but  alfo  becaufe  the  Vapours  which  are  in  the  Air,  not 
being  in  any  Agitation,  eafily  flick  to  any  Bodies  which 
come  in  their  Way.  There  is  a  particular  Reafon  why 
the  Wejl- Wind  fhould  be  moijl ,  and  that  is,  becaufe  it 
moves  contrary  to  the  general  Courfe  of  the  Air,  which 
is  from  Eajl  to  Wefl^  and  which  caufes  the  Vapours  which 
furround  the  Earth  to  have  a  T endency  to.  move  the  fame 
Way,  and  fo  makes  them  gather  together  on  an  Heap, 
and  confequently  makes  them  more  capable  of  moiflning 
any  Thing. 

12;  It  is  true,  that  what  has  been  faid  upon  the  Sub-  12 
jeCt  of  the  fore-mentioned  four  principal  Winds,  ought  particular 
not  to  be  found  exactly  true  any  where  but  in  the  Mid ^f*^**  ™? 
die  of  large  Seas,  where  there  is  nothing  to  hinder  the pur  jyigg, 
general  Caufe  from  producing  its  EfFedl  •  For  as  to  any  from,  being 
other  Places ,  there  are  fo  many  particular  Caufes  relular' 
which  contribute  towards  the  Production  of  Winds,  that 
we  ought  not  to  wonder  that  they  arc  fo  very  irregular, 
and  that  we  do  not  obferve  them  in  the  Order  now 

deferibed.  B  .  Arifto 

13.  It  is  probable  that  Arifiotle  never  thought  of  the  t  i's  opmun 
general  Caufes  of  Winds,  becaufe  he  makes  no  mention  alj  i,t  tbt 
of  them  in' his  Writings,  but  confines  himfelf  to  parti- 

«  cular  H  iad* 
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Cular  Caufes  only.  And  becaufe  he  obferved  that  Winds 
have  the  Property  of  drying,  therefore  he  thought,  that' 
when  the  Wind  blew,  the  Air  was  then  moved  along  by 
a  Principle  which  had  no  Moifture  in  it  ;  fo  that  he  af- 
ferts,  that  Winds’  are  caided  by  certain  dry  Exhalations, 
which  arifing  out  of  the  Earth,  move’  one  particular  W ay 
upon  the  Superficies  of  if. 

34.  7 bat  14.  I  do  not' deny  but  that  the  Exhalations  which  rife 

^nnotfo™5  UP  *nt0  Aft  and  take  their  Courfe  one  particular  Way, 
much  tie  may  help  to  carry  the  Air  from  oife  Country  to  another, 

Caufe  f  and  fo-caufe  that  Agitation  which  we  call  Wind.  But  be- 

Vapounare.  cau^e  both  Reafoh  and  Experience  convince  us,  that  the 
fame  Caufe  which  difpofes  forne  terreftrial  Parts'  to  exhale 
in  this  Manner,  fnuft  alfo  at  the  fame  Time  excite  a  much 
larger  Quantity  of  Vapoiifs •  and  becaufdthe  Water  which’ 
is  converted  into  Vapours  dilates  it  felf  a  great  deal  more 
than  the  terreftrial  Parts  which  are  irf  the  Form  of  Exha¬ 
lations  can  do  ;  it  cannot  be  doubted  but  that  Vapours  are! 
the  principal  Caufe,  and  contribute  much  more  to  the 
Production  of  Winds,  than  Exhalations  do, 

*ibat  15.  The  Reafon  why  jirijlbtle  was  not  Ofthii  Opinion 
^0? fonder  hiakes  nothing  again  ft  me:  For  though  the  Winds  are 
m*ds from  caufed  chie'fly  by  Vapours,  yet  they  ought  notwit  hftand- 
ba-ving  the  ing  that  to  hate  as  much  the  Property  of  drying  as  if  they 
dryfng?  ^  proceeded  wholly  from  Exhalations  ;  becaufe  the  great  A- 
gitation  which  the  Particles  of  the  Air  and  Water  are  in, 
makes  them  carry  off  a  great  many  more  Particles  from  a 
moift  Body  than  thofe  Hew  ones  which  they  leave  upon  it. 

16.  7 hat  16.  Noris  it  to  be  doubted  but  that  the  Winds  do  fik 
1  mid  but  ^ome  new  Particles,  and  that  there  is  no  Wind,  hdw  vio- 
ivbat  is  lent  foever,  but  does  fomewhat  moiften  a  Body  that  is  per- 
moiji.  •  feCtly  dry  :  For  we  find  by  Experience,  that  if  we  dry  a 

Linnen  Cloth  before  the  Fife,  till  it  will  fmoak  no  longer, 
fo  that  all  the  Moifture  is  gone  out  of  it,  and  thenexpofe  it 
a  little  while  in  the  Wind,  it  will  not  be  fo  dry  as  it  was 
before,  but  if  it  be  held  to  the  Fire,  it  will  fmoak  again.1 

17.  Wbat  17.  What  has  been  faid  concerning  Winds  is  Confirm- 
basbttnjaid  ^  by  Experience  in  an  JEolipile ,  which  is  a  Veffel  made 
h  “confirmed  °f  Copper  or  any  other  Metal  of  the  Shape  deferibed  in 
by  Expert-  the  Figure.  The  Cavity  of  it  is  at  firft  full  of  Air  only, 

j7”  which  is  made  to  dilate  it  felf,  by  putting  it  near  the  Fire 
Tdb  '^xv.  till  the  far  greater  Part  gets  out  at  the  Hole  A  ;  then 
Fig  6.  the  fmall  Neck  A  is  dipped  into  a  Veffel  of  Water;  and 
as  the  Air  in  the  Molt  pile  condenfes  by  growing  cold,  the 
Water  enters  in,  in  the  fame  manner  as  we  formerly  faid 
the  common  <Thermo?nctei *  was  filled  with  Aqua- Forti  si 

This 
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This  being  done,  the  /Eolipile  is  placed  in  the  Situation 
you  fee  in  the  Figure,  and  the  low  Part  Mr  refting 
upon  Tome  red-hot  Coals,  the  Water  contained  in  it, 
rifes  gradually  in  Vapours,  which  fly  about  in  the  Space 
DCBF,  and  dafh  againfl:  one  another,  and  make  thofe 
which  they  meet  with  near  the  Hole  A  to  come  out  there 
with  a  great  Force  :  Thefe  Vapours  carrying  the  Air  along 
with  them,  produce  a  Wind,  which  continues  till  all  the 
Water  is  evaporated  or  the  Fire  goes  out  ;  and  this 
Wind  has  all  the  Properties  which  we  obferve  in  thofe 
which  we  take  Notice  of  upon  the  Surface  of  the 
Earth. 

18.  We  may  compare  the  Cavities  of  Mountains  to  iS.  A  Com» 
the  fidllow  of  an  /Eolipile  ;  the  Heat  which  is  in  the  Parif',n  be~ 
Bowels  of  the  Earth  to  the  Fire  which  dilates  the  Water  fluitat nt 
in  this  Veflel  ;  the  Water  carried  by  the  Sea  in  feveral  and  an /Ea» 
fubterraneous  Channels,  to  the  Water  contained  in  it:  and  JlPlle* 

the  Chinks  of  the  Earth,  through  which  the  Vapours  get* 
to  the  Hole  of  the  /Eolipile.  But  becaufe  the  Smallnefs  of 
this  Hole,  contributes  to  make  the  Vapours  come  out 
with  fo  great  Force  ;  and  becaufe  it  is  very  probable  that 
the  Chinks  of  the  Earth  are  not  fo  ffnall,  or  at  leaft,  that 
the  great  Number  of  them  is  equivalent  to  one  large 
Hole;  therefore  it  is  very  difficult  to  believe  that  the 
Winds  fhould  be  fo  violent  as  they  are  fomfctimes,  if  fome 
other  Circumftances  did  not  contribute  to  their  Violence. 

Now  it  is  certain  (i)  that  there  are  Mountains  fo  ranged, 
that  they  will  not  fufler  the  Vapours  which  come  Out  of 
the  Sides  to  take  their*  Courfe  but  one  particular  Way 
only,  and  this  muft  make  them  go  with  great  Violence 
and  Swiftnefs. 

19.  And  if  there  be  a  large  Ektent  of  Country  in  19. 
whit'h  there  are  no  Mountains,  there  may  nofwithftanding 

that  be  Winds  generated,  becaufe  the  Vapours  which  /„  p//Cet  ‘ 
move  upwards  at  firft,  may  be  determined  by  proper  where  there 
Mills  or  Clouds  to  alter  their  Courfe  and  fo  move  *7 n0  ■ 
tideways  afterwards.  at  all. 


(r)  7 bat  there  are  Mountains  fo 
ranged,  Sec-)  “  Whatever  is  lent 
“  forth  from  Moors  and  Rivers 
“  (which  is  a  great  deal  and  continir- 
“  ally  afeending)  in  the  Day-Time 
“  is  Fewel  for  the  Sun  ;  in  the 
“  Night  Time  it  is  not' confumed, 
li  but  is  contained  between,  the 
*(  Mountains,  and  kept  in  a  particu- 


<f  lai  Place  ;  When  this  is  foil  and 
“  will  hold  no  more^  fctit  is  prefi'ed 
“  cn  one  Side  and  fo  got  s  along 
*(  one  particular  Way  ;  this  is  a 
<<  Wind.  Wherefore  it  preffesthat 
<<  Way  where  there  is  a  freer  Pal- 
*<  fage  f  r  it,  and  more  Room  fir 
“  thatwh'ch  is  heaped  together  to 
i*  run  into ^.Seneca's  natural  /fgaj}. 


20.  We 
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20.  JFty  20.  We  may  add  to  this,  that  an.  equal  Quantity  Of 
t£e”seag*  Vapours  is  not  railed  every  where  alike  in  this  Globe 
ner  ally  prc-  which  is  compofed  of  Earth  and  Water;  and  that  thofe 
•vail  in  the  which  arife  out  of  the  moifteft  Places,  being  much  great- 
^tbofe  from  er  *n  Qyantity  than  thofe  which  rife  out  of  other  Places, 
the  Land  in  have  more  Power  to  dilate  themfelves  and  to  go  towards 
the  Night .  thofe  Places  which  are  dry.  And  this  is  the  Reafon  why 
when  the  Sun  heats  the  whole  Hemifphere  upoli  which 
it  fhines,  the  Air  is  carried  from  the  Sea  to  the  Land, 
and  fo  caufes  a  Wind  from  the  Sea  :  Whereas  when  the 
Sun  is  fet,  becaufe  the  Earth  preferves  its  Heat  much 
longer  than  the  Waters,  which  lofe  theirs  in  a  very  little 
while  ( according  to  that  Law,  fhe  lefs  folid  Bodies,  are , 
the  lefs  while  do  they  preferve  their  Motion )  therefore  more 
Vapours  muff  then  arife  out  of  the  Land  than  Out  of  the 
Water,  and  confequently,  they  will  carry  the  Air  along 
with  them  from  the  Land  to  the  Sea,  and  fo  Caufe  a 
Wind  from  the  Land* 


How 

Midi  and 
Cloudi  art 
formed . 


CHAP.  XII. 
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Of  MISTS  and  CLOUDS/ 

Q  O  long  as  the  Vapours  and  the  Exhalations  which  ac- 
^  company  them  are  in  fo  great  Motion  as  to  produce 
Winds,  and  to  hinder  their  Particles  from  uniting  together, 
it  is  impoflible  that  they  fhould  fo  much  darken  the  Air  as 
to  be  perceived,  becaufe  the  Action  of  the  Light  which 
pafles  through  it,  is  not  at  all  interrupted,  nor  any  ways 
refledted ;  but  when  thefe  fame  Vapours  ( I )  come  to  lofe  the 
Agitation  they  were  in  by  Degrees,  and  to  {lop  in  any 
particular  Place  in  a  large  Quantity,  and  the  Particles 
of  them  to  unite  together  ;  they  mull  then  neceffarily 
hinder  the  A£lion  of  the  Rays  of  Light  from  palling  on 
beyond  them,  becaufe  there  being  a  great  Number  of 
Drops  of  Water  one  above  another,  their  feVeral  Super¬ 
ficies  will  refle£l  them  all  :  And  thus  the  Air  becomes 
dark,  and  a  Mijl  or  a  Cloud  begins  to  appear  in  the  Place 


(i)  To  Ift  the  Agitation  they  Clouds  and  R"in.  See  the  Notet  on 

%vtre  in.  Sc:*)  For  the  Ca.fes  of  CbaJ>,  iz ,  Fart  I,  Art,  41. 


where 


209 


Chap.  14.  of  Natur  al  Philosophy. 

where  this  Collection  of  Particles  of  Water  is,  and  of  fuch 
a  Bignefs  as  the  Space  which  it  poflefles.  1 

2.  If  the  Particles  of  Water  which  flop  in  this  manner  2*  7bat 
and  are  fufpended  in  the  Air,  retain  fo  much  Motion  as  to 

flip  by  each  other,  they  mull  compofe  a  great  Number  of  Sometimes 
very  fmall  imperceptible  Drops  of  Water:  But  if  their  comP°^d  of 
Motion  be  entirely  ceafed,  it  is  evident,  that  becaufe  they  wflr 
flop  by  each  other  without  any  order,  they  mult  compofe  fomtimes  of 
a  very  thin  and  very  light  Body  ;  which  not  being  li-  Plecsscf 
quid,  ought  rather  to  be  called  (1)  Ice,  or  very  fine 
Snow,  th^an  Water. 

3.  But  whether  a  Mijl  or  a  Cloud  be  made  up  of  im-  3.  How 
perceptible  Drops  of  Water  or  Ice,  it  is  certain  that  nei-  cloudt  are_ 
ther  the  one  nor  the  other  can  fall  to  the  Ground  but  very  tbe'flir.  ** 
flowly  ;  becaufe  thefe  Drops  of  Water  or  Parcels  of  Ice 

have  a  very  large  Superficies  compared  with  the  Quantity 
of  Matter  they  contain,  and  confequently  have  but  little 
Weight  to  overcome  the  Refiftance  which  the  Air  they 
meet  with  makes  before  it  divides  it  felf.  To  which  v/e 
may  add,  that  the  Vapours  which  rife  out  of  the  Earth, 
and  afcend  to  a  great  Height,  not  only  hinder  the  Mat¬ 
ter  of  which  Mills  are  compofed  from  falling  ;  but  may 
make  it  afcend  ftill  higher,  fo  that  that  which  was  a 
Mill,  may  in  a  Ihort  Time  become  a  Cloud. 

4.  It  is  to  be  obferved  alfo,  that  if  the  Particles  of 
Water  which  alcend  in  the  manner  now  mentioned,  in  Sorts  of 
order  to  form  Clouds,  do  not  go  very  far  before  they  lofe  Clouds 

all  their  Motion  ;  then  they  do  not  give  the  Exhalations,  ^formd^ 
which  arife  along  with  them,  time  to  feparate  themfelves ; 
in  this  Cafe  therefore  they  mull  neceffarily  be  blended  to¬ 
gether:  But  if  the  Vapours  have  Force  enough  to  raife 
themfelves  to  a  fuflicient  Height,  and  meet  with  no  Ob- 
ftacle  to  hinder  them  from  continuing  on  in  their  Courfe 
for  forne  T ime ;  then,  becaufe  they  can  eafily  move 
themfelves  and  fly  off,  they  will  get  uppermofl: ;  fo  that 
there  will  be  two  Clouds  as  it  were,  the  higheft  of  which 
is  made  up  of  Particles  of  Water  or  Ice,  and  the  lower 
one  of  Exhalations  only:  And  if  after  this,  there  arifes 
other  Vapours  and  other  Exhalations,  which  afcend  in  the 
fame  manner,  they  will  form  a  great  many  different  Beds 
or  Banks  of  Clouds  compofed  of  Vapours  and  Exhalations 
by  T urns. 

(1)  Ice  or  very  fne  Snow,  Sec.)  fuch  Clouds  as  thefe  by  Refra£li  n  j 
Concerning  Parhelion*  and  Circle1?  See  HugeniuCs  Pofthumous  Works, 
which  they  call  Halo's ,  formed  in 
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CHAP.  XIIL 

Of  Rain,  Drizzle ,  Dew,  and  Evening  Damp . 


Claudere  A  ^  two  contrary  Winds  may  caufe  a  Mift  or  a  Cloud 
the  Matter  to  be  formed,  by  bringing  together  a  great  Quantity 
of  which  of  Vapours  into  one  Place  ;  fo  it  may  happen,  that  a 
Rain  con -  yery  fl-rong  Wind  blowing  upon  a  Mift  or  Cloud,  may 
carry  off  its  Parts  one  after  another,  and  make  it  take 
the  Form  of  Vapours  again,  and  fo  in  Time  all  the  Clouds 
may  be  diffpated :  However  this  is  not  the  ufual  Way  in 
which  they  are  diffpated :  the  common  Method  is,  that 
the  Cloud  diffolves,  and  falls  all  down  in  Rain  :  The 
only  Difficulty  in  this  Matter  is,  what  ftiould  caufe  the 
Parts  of  a  Body  which  is  fo  thin  as  a  Cloud  is,  to  thick¬ 
en  and  become  fo  denfe  as  to  acquire  a  Force  fufficient  to 
overcome  the  Refiftance  of  the  Air  which  oppofes  its 
Fall. 

2.  If  we  believe  the  common  Philofophers  or  rather 
the  common  People,  we  muff  fay,  that  this  Force  is 
owing  to  the  Coldnefs  of  the  Place  where  the  Clouds  are, 
becaufe  it  is  generally  thought  that  Cold  only  has  the 
Power  of  condenfing  any  thing. 

3.  I  do  not  fay  but  that  Cold  may  fometimes  contri- 
thfclwfe  bf  kute  this»  hy  making  the  fmall  infenfible  Drops  of 
the  falling  of  Water  which  were  difperfed  about  in  the  Air,  meet  toge- 
Rawi  ther  and  be  converted  into  Rain,  which  perhaps  would  o- 

therwife  never  have  met.  For,  I  readily  own,  that  the 
groffer  Parts  of  the  thickening  Air,  may  by  approaching 
each  other  unite  the  infenfible  Drops  of  Water,  which 
otherwife  might  never  have  united  together,  and  confe- 
quently  make  them  capable  of  defcending  :  I  alfo  acknow¬ 
ledge,.  that  when  the  Vapours  are  juft  ready  to  be  con¬ 
verted  into  infenfible  Drops  of  Water,  the  Cold  which 
comes  upon  them,  and  which  condenfes  the  Air,  may 
affemble  a  very  large  Quantity  of  them  together,  fo  that 
they  may  be  heavy  enough  to  fall  down  ;  And  this  very 
well  explains  how  it  may  fometimes  rain  when  it  is  very 
clear  and  before  there  is  any  Cloud  formed  :  But  I  think 
alfo  that  there  are  other  Caufes  which  are  more  com¬ 
mon,  by  which  the  Clouds  are  condenfed,  and  which 
caufe  them  to  be  converted  into  Rain. 


2.  The  com* 
mon  Opini - 
on  of  the 
falling  of 

Ratn. 


How 


4.  For 
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4.  For  fird,  it  is  evident,  that  when  the  Wind  blows  4*  That 
againft  a  Cloud  and  does  not  cairy  it  entirely  along  with 

it ;  it  mult  make  the  Parts  oP  the  Cloud  approach  nearer  of  Rain. 
each  other,  and  caufe  a  great  many  Drops  of  Water, 
which  were  infenfible  while  at  fome  Didance  from  one 
another,  to  join  together,  and  thereby  compofe  very  large 
Drops,  whofe  Weight  makes  them  to  defcend. 

5.  It  is  alfo  evident,  that  after  any  Cloud  is  formed,  That  new 

there  may  ftill  rife  other  Parts  of  Water  in  the  Form  of  ad' 
Vapours ,  which  may  continue  to  be  little  agitated  after  cloud  may 
they  meet  with  thofe  which  were  flopped  before,  fo  make  it  Jail 
that  by  joining  with  them,  they  may  become  heavier  dff^nln 
and  acquire  a  fufficient  Force  to  overcome  the  Refiilance 

of  the  Air  which  can  no  longer  hinder  them  from  fal¬ 
ling.  # 

6.  But  that  which  is  the  mod  common  and  (1)  the  e,  That 
mod  effectual  Caufe  of  the  Clouds  being  converted  into  Heat  does 
Rain,  is  the  Heat  of  the  Air  which  is  near  the  Surface  of fegffy  £j C* 
the  Earth  and  which  is  carried  up  to  a  confiderable  Height  eondenfe  the 
by  fome  Wind  :  For  this  hot  Air,  arriving  at  the  Clouds,  Cloudt  into 
difpofes  that  very  fine  Snow,  of  which  they  are  compo-  Rain' 
fed,  to  melt  and  to  condenfe  into  a  great  many  fmall 
Flakes,  which  overcome  the  Refidance  of  the  Air,  and 

fall  down,  and  at  lad  being  [entirely  diflolved  by  the 
Heat  which  they  meet  with  in  thofe  Places  through  which 
they  fall,  they  are  converted  into  Drops  of  Rain. 

7.  And  thefe  Drops  will  be  very  large,  if  the  Cloud  7*  How  the 
be  denfe,  and  the  hot  Air  gets  to  the  upper  Part  of  it;  maybe 
for  then  every  thing  confpires  to  make  the  fmall  Drops  of  very  targe. 
Water  or  Pieces  of  Ice  to  join  a  great  many  of  them  to¬ 
gether,  and  to  compofe  very  fenfible  Drops  at  fird,  which 
defcend  by  their  own  Weight  ;  but  which  afterwards  in- 

creafe  very  much  by  joining  themfelves  with  thofe  that 
they  meet  with,  as  they  fall  through  the  whole  Thicknefs 
of  the  Cloud. 

8.  But  if  this  hot  Air  reaches  to  the  Bottom  only  of 
a  very  thin  Cloud,  the  Drops  mud  neceiTarily  then  be 
very  fmall ;  and  if  befides  this  the  Heat  of  the  Air  be  made. 
very  moderate,  thefe  Drops  will  be  fo  very  fmall  as  not 

to  compofe  Rain  at  all  but  only  Drizzle. 

(1)  The  meji  tffeElual  Caufe  of  the  the  Elafticity  of  the  Air.  See  the 
Clouds ,  Sec.)  The  moft  effectual  Note i  on  Chap,  12.  Art.  4**  °J  *h e 
Caufe  of  Rain  is  the  weakning  of  firjt  Part. 
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9.  As  to  Deiv ,  there  is  no  great  Difficulty  in  compre¬ 
hending  how  that  is  formed,  if  we  confider  that  when 
it  is  moft  clear  and  calm,  which  is  the  Time  when  the 
Dew  falls,  there  is  always  a  great  Quantity  of  very  fmall 
Parts  of  Water,  which  fly  about  in  the  Form  of  Vapours  ; 
thefe  gradually  lofing  the  Agitation  they  were  in,  gather 
a  great  many  of  them  together  and  fall  down  in  infenfi- 
ble  Drops,  which  generally  flick  to  the  Leaves  of  Plants, 
and  then  uniting  with  each  other,  they  are  converted  into 
Water,  and  the  Dew  becomes  vifible. 

10.  This  generally  happens  a  little  before  the  Sun 
rifes,  becauie  then  the  Air  not  having  been  heated  by  its 
Rays  for  fome  Time,  is  grown  colder,  and  is  therefore 
more  fitted  to  aflemble  the  Vapours  which  are  in  it  : 
However,  there  are  Places  where  the  Air  grows  cool  a 
little  after  the  Sun  is  fet,  and  there  the  Dew  muft  ap¬ 
pear  fooner. 

11.  If  the  Heat  of  the  Air  has  been  very  great  all 
Day,  it  may  happen  in  fome  Countries,  that  the  Super¬ 
ficies  of  the  Earth  may  be  put  into  fuch  a  Motion,  as  to 
fend  forth  Exhalations  which  rife  up  into  the.  Air  along 
with  the-  Vapours  :  And  becaufe  thefe  Exhalations  lofe 
the  Agitation  they  are  in,  a  great  deal  eafier  than  the  Va¬ 
pours  do  ;  therefore  they  muft  fall  down  fooner.  Now 
herein  confifts  Evening-Damps ;  which  according  as  the 
Places  or  the  Bodies  exhaled  are,  may  be  very  noxious. 
For  it  is  very  probable,  that  what  is  exhaled  out  of  any 
infectious  Places  or  poifonous  Herbs  may  caufe  a  great 
deal  more  Mifchief,  than  Ample  Vapours  raifed  out  of 
the  Bofom  of  the  Earth. 

_ _  _  12*.  And  it  is  a  very  great  Miftaketo  think  that  Per- 

gar  Miftake  fons  may  entirely  guard  againft  the  Mifchief  fuch  Dam^s 
concerning  arc  capap]c  0f  doing,  by  covering  up  their  Heads  clofe. 
f  '  •  s‘  For  as  they  are  drawn  in  along  with  the  Air  in  Refpira- 

tion  ;  it  is  certain  that  by  entering  into  the  Lungs,  they 
will  do  much  more  Hurt,  and.  more  eafily  corrupt  the 
Blood,  than  they  can  do  by  applying  themfelves  to  any 
external  Part. of  the  Body,  which  is  not  fo  tender. 
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'  V 

CHAP.  XI Y. 

Of  Snozv ,  Hail ,  Ho,ar-Froft. 

T  T  was  obferved  before,  that  the  Parts  of  a  Cloud  may  1.  How 
begin  to  defcend  though  they  be  not  entirely  diflolved  5  !S 
and  that  for  the  mod:  Part  they  are  not  quite  melted 
and  turned  into  Drops  of  Rain,  till  they  come  near  the 
Earth,  where  the  Heat  is  generally  greater  than  it  is  high-  ‘ 
er  up  in  the  Air  :  But  if  the  Particles  of  a  Cloud,  which 
is  only  condenfed  and  no  way  melted,  fall  through  no¬ 
thing  but  cold  Air,  then  they  may  reach  to  the  Earth 
without  being  diflolved  ;  in  this  Cafe,  inflead  of  a  great 
many  Drops  of  Rain,  we  fhall  have  a  great  many  Flakes 
of  Snow;  which  cannot  but  be  white,  becaufe  the  watry 
Matter  of  which  it  is  compofed  is  very  much  interrupted 
by  a  large  Quantity  of  Air,  whole  Pores  agree  fo  ill  with 
thofe  of  the  Ice,  that  the  Light  which  endeavours  to  pals 
through,  is  more  eafily  reflected  back. 

2.  If  fome  Part  of  the  falling  Cloud  be  melted,  and  it  fff 
afterwards  meets  with  (1)  cold  Air  which  freezes  it  again,  g ure  0f  ltxt 
it  is  evident  that  that  which  then  falls  down  muff  be  Hail> 

and  the  Figure  of  the  Hail-ftones  will  be  fo  much  the 
nearer  to  round,  the  more  they  were  diflolved  before  ; 
and  they  will  be  exactly  round,  if  the  Cold  by  which 
they  are  frozen  again,  comes  upon  them  when  they  ar.e 
entirely  melted. 

3.  Thus  there  muft  be  very  different  Sorts  of  Hail  pro- 

duced,  according  to  the  different  Degrees  of  Heat  which  papeofPy- 
is  in  the  Place  where  the  Cloud  is  diflolved  :  And  if  the  ramidu 
Heat  be  but  moderate,  it  may  fo  adl  upon  the  extreme 
Parts  of  every  little  Piece  of  the  Cloud,  out  of  which  a 
Hail-ftone  is  formed,  as  to  melt  them  and  reduce  them 
to  Water,  before  it  can  get  to  diifolve  the  internal  Parts ; 
and  by  that  time  thefe  are  diflolved,  the  external  ones 

(1)  Cold.  Air  ’which  frr.cz.ei  it  falls,  may  be  turned  into  Ice  or  a 
again ,  &c.)  It  is  more  likely,  that  Halftone  in  a  Moment,  by  fome 
as  Water  in  a  Veffel  in  the  Sum-  particular  Vapours  mixed  together  in 
mer -time  is  immediately  turned  into  th“  Air.  See  the  Pbilofopbtcal 
Ice,  by  externally  applying  Salt  and  Tranfaftions,  Numb,  231. 
w  j  fo  likewife  a  Drop,  as  it 
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may  be  frozen  again  by  the  cold  Air  through  which  they 
pafs :  So  that  the  internal  Parts  which  are  neareft  the 
Center,  melting,  and  by  that  means  growing  more  denfe, 
join  thernfelves  to  the  external  Ones,  and  fo  form  a  Sort 
of  folid  Cruft ;  In  the  fame  manner  as  we  fee  the  Parts 
of  a  dry  T ree  recede  from  the  Pith  towards  the  Bark, 
where  the  Parts  are  fo  clofe  and  compact  like  an  Arch,  that 
the  internal  Parts  which  are  condenfed  afterwards,  are 
forced  to  retire  towards  them.  And  as,  in  this  Inftance, 
the  Fibres  of  the  Wood  which  furround  the  Pith  at  a  cer¬ 
tain  Diftance,  when  they  come  near  the  Bark  and  take  up 
a  larger  Circuit,*  fplit  in  feveral  Places,  and  make  Chinks 
like  Stars,  which  are  more  particularly  to  be  feen  in  the 
Part  where  the  Wood  is  cut;  fo  in  like  manner,  the 
Parts  of  Water  in  retiring  from  the  Center  towards  the 
Superficies,  as  they  freeze  by  Degrees,  divide  from  each 
other  in  feveral  Places.  Thus  if  it  happens  that  there  are 
three  Fiffures  made  which  interfedf  each  other  in  the 
Center  of  the  Hail-ftone,  then  it  will  be  fplit  and  divided 
into  eight  Parts,  each  of  which  will  be  in  the  Shape  of  a 
Pyramid,  the  Bafe  Whereof  is  the  eighth  Part  of  the  Su¬ 
perficies  of  the  Hail-ftone,  and  the  Top  of  it,  the  Piece 
of  Ice  which  before  was  neareft  to  the  Center. 

4.  Sometimes  there  falls  fuch  Sort  of  Hail-ftones  as 
thefe,  and  fometimes  fuch  whofe  Pyramids  are  fharper, 
fo  that  their  Bafes  don’t  feem  to  be  above  the  two  and 
thirtieth  Part  of  the  Superficies  of  a  Sphere ;  which  makes 
me  think,  that,  in  this  Cafe,  every  eighth  Part  of  the 
Superficies  of  tfie  Hail-ftone  is  again  fubdivided  into  four 
equal  Parts  by  three  new  Clefts.  And  if  their  Points  and 
Corners  do  appear  generally  a  little  blunt,  fo  as  to  be  like 
Sugar-Loaves,  it  is  owing  to  this ;  that  in  thefe  Places 
the  Heat  affected  them  more,  and  diffolved  the  Particles 
of  Ice  which  were  there. 

5.  The  Figure  of  thefe  Sort  of  Hail-ftones  is  not  at  all 
v&rt'furprt-  wonderful  or  furprizing  compared  with  another  Sort 
‘jiaiL°rt  ^  which  are  quite  flat  and  very  thin,  and  which  are  fome¬ 
times  cut  into  the  Shape  of  Stars  with  fix  Points  exadfly 
equal,  or  into  that  of  Rofes  with  fix  Leaves,  or  fometimes 
into  that  of  fix  Flower-de-luces  connected  together  by  the 
Points  ;  fuch  as  are  reprefented  in  the  Figure,  only  they 
are  much  fmaller  and  a  great  deal  more  exadf. 

6.  Hotv/ome  6.  Since  we  never  fee  any  fuch  Hail-ftones  as  thefe  but 
F/akeicf  after  a  very  great  Wind,  there  is  Reafun  to  think  that 
pewd***  t^e7  are  formed  pretty  nearly  in  the  following  manner. 

.  Fit  ft,  the  Agitation  of  the  Air  caufes  a  great  many  Par¬ 
ticles 
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tides  of  Water,  which  fly  about  in  the  Form  of  Va¬ 
pours  to  meet  againft  each  other  as  they  freeze,  and  to 
compofe  Hail-ftones  fo  very  fmall,  that  they  would  not 
fall  down  by  their  own  Weight  only,  if  the  Wind  which 
blows  upwards  did  not  hinder  their  Defcent.  But  the 
Wind  does  really  blow  againft  them,  and  carries  them  up 
fometimes  as  far  as  the  lower  Superficies  of  a  Cloud, 
where,  by  that  time  they  arrive,  they  are  covered  over 
with  Vapours  which  ftick  to  them  like  a  very  fine  Down. 

And  now  they  may  better  be  called  fmall  Flakes  of  Snow 
than  Hail-ftones,  and  are  fomething  like  to  thofe  little 
Things  which  come  off  from  fome  fort  of  wild  Thiftles, 
which  grow  in  the  Country,  towards  the  End  of  Sum¬ 
mer,  and  which  are  fo  very  light,  that  by  the  lead  Mo¬ 
tion  of  the  Air,  they  are  carried  about,  fometimes  as  far 
as  the  Villages,  where  the  Children  play  with  them  and 
call  them  Barbes-a  Dleu. 

7.  When  this  happens,  thefe  Flakes  of  Snow  range  7»Hewtbefi 
themfelves  upon  the  Superficies  of  the  Cloud  which  has 

been  made  fmooth  by  the  Wind  blowing  againft  it  5  and  tie  lower 
becaufe  they  are  very  nearly  equal  to  one  another,  their  Surface  of  a 
Order  is  fuch,  that  every  Flake  is  furrounded  by  fix  o-  Ci0ud% 
thers,  except  thofe  which  are  at  the  Extremities  of  the 
Leaf  compofed  by  them  ;  as  any  one  may  eafily  appre¬ 
hend  who  has  learned  but  the  firft  Elements  of  Geome¬ 
try  ;  or  as  he  may  fee  with  his  Eyes,  if  he  places  feveral 
leaden  Bullets  of  equal  Bignefs  upon  a  T rencher,  or  ra¬ 
ther  feveral  Counters  upon  a  T able.  Thefe  latter  are  beft 
for  the  Purpofe,  becaufe  they  are  flat,  as  the  Flakes  of 
Snow  we  are  fpeaking  of  are,  the  Down  on  the  upper 
Part  of  them  being  rubbed  off  by  their  grating  againft  the 
Cloud,  and  that  on  the  lower  Part,  by  the  Wind  prefling 
upon  them  as  it  blows  along. 

8.  And  there  may  be  feveral  Beds  or  feveral  fuch  Kind  *•  7bat 
of  Leaves  formed  one  under  another,  without  their  he- 

ing  joined  together  ;  for  the  Wind,  which  puts  them  into  them  may  he 
an  undulating  Motion,  moves  thofe  Leaves  which  ar z  firmed* 
lowermoft  fomewhat  differently  from  thofe  which  are 
above  them,  jBut  whether  there  be  only  cne  Leaf,  or  a 
great  many  of  them,  we  may  certainly  affirm  ;  that 
jevery  one  of  thefe  fmall  Flakes  of  Snow,  which  are 
round  and  flat,  is  the  Matter  out  of  tvhich  thefe  Hail- 
ftones  in  the  fhape  of  a  Star  or  a  Role  or  fix  Flower-de- 
luces,  are  immediately  formed  \  for  nothing  farther  is 
required  to  compleat  fo  furprizing  an  Effedf,  but  only  a 
moderate  Heat  in  the  Air. 

O  4  9.  This 
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9.  This  warm  Air  may  be  driven  from  fome  Parts  near 
the  Earth  by  the  Wind :  Which  Wind  becaufe  it  can 
very  eafily  blow  between  two  Leaves  compofed  of  thefe 
Flakes,  where  it  meets  with  a  direct  Paflage,  muft  necef- 
farily  difTolve  thofe  remaining  Particles  of  Water  which 
ftick  up  like  Hairs  or  Down  upon  the  Superficies  of  every 
one  of  the  fmall  Flakes.  Befides  ;  this  Air,  by  getting 
into  the  fix  triangular  Spaces,  which  muft  neceflarily  be 
left  between  the  fimilar  Flakes,  when  they  touch  one 
another,  muft  alfo  diflolve  that  very  fine  Snow  which  is 
near  the  Circumference  of  them  into  Water  ;  the  Parti¬ 
cles  of  which  being  put  in  Agitation  by  the  Heat,  join 
themfelves  to  thofe  Particles  which  remain  undiffolved, 
and  as  foon  as  they  are  thus  joined,  they  are  immediately 
frozen  again.  Thus  the  Particles  of  Water  which  ftick 
up  like  Hairs  on  the  upper  and  lower  Superficies  grow 
flat  and  are  broken,  by  being  melted  and  frozen  again, 
and  every  Flake  by  that  Means  becomes  thinner,  and  is 
turned  into  a  fmall  Plate  of  Ice  :  And  as  to  thofe  Hairs 
which  melt  in  the  Edges  of  the  triangular  Spaces,  they 
grow  denfe  as  they  recede  towards  thofe  which  unite  every 
one  of  the  Flakes  to  the  fix  which  furround  it ;  and  thus 
there  are  fix  Clefts  made  in  fix  Places  of  the  Circumference 
where  the  Heat  can  moft  eafily  come,  which  growing 
narrower  as  they  get  nearer  the  Center ;  it  is  evident,  that 
every  fmall  Plate  of  Ice  muft  be  of  the  Figure  of  a  Star 
with  fix  Points,  fuch  as  is  here  reprefented  in  A.  After 
which  the  leaft  Shake  is  capable  of  difuniting  them  and 
making  them  fall  down  to  the  Earth  feparately. 

10.  If  the  Heat  of  the  Air  be  a  little  greater  than 
what  was  juft  now  fuppofed,  it  muft  continue  longer  in 
thofe  Places  which  are  moft  expofed  to  it,  that  is,  in  the 
fix  Points,  and  confequently  muft  put  them  in  Motion 
and  make  them  grow  blunt  :  By  this  Means,  the  fmall 
Plate  of  Ice,  which  before  was  in  the  Figure  of  a  Star, 
will  now  become  like  a  Rofe,  with  fix  Leaves,  as  it  is 
reprefented  in  B. 

11.  And  if  the  Flakes,  of  which  this  Hail  is  compo¬ 
fed,  were  at  firft  larger  than  ufjial ;  it  may  happen,  that, 
they  will  not  only  be  divided  in  fix  Places,  in  Order 
to  form  fix  Points ;  but  that  Part  out  of  which  one  Point 
is  to  be  formed,  may  be  fubdivided  into  three  lefier 
Points*  by  two  fmall  Fifliires  made  on  each  Side  of  thofe 
Flairs  which  join  to  the  Hairs  of  the  next  Flake;  And 
thus  there  may  be  two  Points  formed  on  the  two  Sides, 
which  may  bend  a  little  outwards,  becaufe  the  Heat  act¬ 
ing 
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ing  with  a  little  more  Force  there,  caufes  alfo  the  Con- 
denfation  to  be  fomething  more  :  Whence  it  follows,  that 
inftead  of  a  Tingle  Point  of  a  Star  or  Leaf  of  a  Rofe,  there 
will  be  formed  a  Flower-de-luce  ;  and  inftead  of  an  entire  Tab.  XV* 
Star  there  will  be  formed  a  Hail-ftone  like  that  reprefent-  Fis*  7* 
ed  in  C. 

12.  If  the  Heat  of  the  Air  a<51  with  greater  Force  ftill  17y 
upon  thefe  Hail-ftones,  it  will  diftblve  fome  of  their  Parts  l/Haii'** 
proportionably  more  or  lefs ;  whence  it  is  eafy  to  collect 

that  there  may  be  a  thoufand  different  Sorts  formed.  And 
if  all  the  Parts  of  one  Leaf  be  melted,  whilft  the  Parts  of 
the  Leaf  above  and  the  Leaf  below  it  are  approaching 
towards  each  other,  the  Drops  of  Water  that  are  made 
by  this  Diflolution,  may  ferve,  like  Glue,  to  join  the  two 
Stars  together*  flat-ways,  To  as  to  make  them  but  one, 
with  twelve  Points  in  their  due  Proportion,  if  they  hap¬ 
pen  right. 

13.  All  thefe  Sorts  of  Hail-ftones  are  generally  very  thin  13.  Why  the 
and  tranfparent,  becaule  the  Particles  of  Ice  of  which 

they  are  compofed  are  very  clofe  and  compact.  But  Ybichrl  me* 
fometimes  there  fall  fome  that  are  quite  white  and  lar¬ 
ger  ;  the  Reafon  of  which  is,  becaufe  they  meet  with  a 
great  many  Particles  of  Water,  which  fly  about  in  the 
Air,  which  ftick  to  them  as  they  fall  down  to  the 
Earth. 

14.  As  the  Vapours  lofe  their  Motion  when  they  meet  *4*  °f 
with  Hail,  fo  it  is  eafy  to  apprehend  that  they  may  fome-^^^^ 
times  lofe  their  Motion  when  they  meet  with  other  cold  frojlu 
Bodies.  And  thus  it  is  that  frozen  Mijls  and  Hoar-Frojls 

are  formed,  which  cover  the  Earth,  and  ftick  to  the 
Branches  of  T rees  and  to  the  Hair  of  Travellers,  efpe- 
cially  on  that  Side  where  the  Wind  blows. 


CHAP.  XV. 

Of  Honey-Dew ,  extraordinary  Rain ,  and  Manna . 

HAVING  thus  treated  of  Meteors  which  are  compo-  1.  More 
fed  of  nothing  elfe  but  Water;  we  muft  not  forget  Honey- Dm 
to  fay  fomething  of  fuch  as  may  be  made  up  of  fome  iSJor,r- 
fat  Matter  which  is  found  in  the  Earth,  and  which  af- 
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cends  in  the  Form  of  Exhalations.  Here  it  is  to  be  ob- 
ferved,  that  if,  when  the  Weather  is  warm  and  no  Wind 
ftirring,  a  confiderable  Quantity  of  Vapours  and  Exhalati¬ 
ons  fhould  rife  up  together,  and  be  in  fo  great  Agitation 
as  to  afeend  to  fome  Height ;  then  the  Vapours,  which 
can  eafily  difengage  themfelves,  would  feparate  from  the 
Exhalations,  and  get  above  them;  and  the  Exhalations 
whofe  Parts  are  more  entangled,  and  which  cannot  afeend 
fo  high,  would  fly  about  by  themfelves  in  the  Air  nearer 
to  the  Earth.  And  if  it  happens  that  thisAij  be  moderate¬ 
ly  cool  in  the  Night,  the  Vapours  may  continue  to  be  in 
fo  much  Motion  as  to  keep  the  Form  they  were  in ;  but 
the  Exhalations,  confiftingof  Parts  whofe  Figure  makes 
them  more  difpofed  to  be  at  reft,  will  condenfe  themfelves, 
and  gather  into  a  Mift,  which  will  extendit  felf  over  any 
Country  in  Proportion  to  the  Quantity  of  Exhalations. 
This  being  fo,  if,  when  they  meet  with  any  dry  Bodies, 
they  thicken  into  a  Kind  of  oily  Liquor,  in  the  fame 
Manner  as  we  before  faid,  Vapours  thickned  into  Dew  ; 
they  will  then  make  that  Honey-dew  which  is  fometimes 
fo  troublefome  to  the  Country-men. 

2.  T he  Exhalations  which  compofe  Honey-dew ,  being 
of  an  oily  Nature,  it  is  evident,  that  they  will  ftick  to 
the  dryeft  Bodies  fooner  than  to  any  other ;  and  becaufe 
Corn  and  fuch  like  Plants,  are  generally  very  dry,  at  that 
Seafon  in  which  the  Honey-dew  falls,  it  muft  be  upon 
thefe  Sorts  of  Bodies  that  it  is  found  in  any  large  Quanti¬ 
ty  :  And  it  cannot  but  be  very  injurious,  if  the  Weather 
be  very  clear  afterwards,  and  the  Sun  fhoots  his  Rays  up¬ 
on  thefe  Plants ;  for  the  oily  Liquor  which  they  are 
daubed  over  with,  being  capable  of  great  Heat,  (i)  burns 
them  up  and  quite  corrupts  them. 

3.  If  the  Exhalations  be  condenfed  at  feme  Diftance 

from  the  Earth,  they  will  form  a  Cloud  and  not  a  Mift, 
and  by  growing  ftill  denfer,  from  fome  of  the  Caufes  by 
which  Vapours  are  ufually  converted  into  Water,  they 
will  compofe  a  kind  of  oily  Drops,  which  being  alfo  of  a 
reddifh  Colour,  gives  Occafion  for  them  to  be  taken  for 
a  Shower  of  Bloody  fuch  (2)  as  is,  related  in  Hiftory  to 
have  fallen  fometimes.  4.  The 


(i)  Burns  them  up  and  quite  cor. 
rupts  them.)  Ptiny  teftifies,  Book  18. 
Chap.  28,  that  a  great  many  of  the 
Ancients  affirmed,  that  Dew  burnt 
up  by  the  fcorching  Sun ,  it  the  caufe 
tf  the  Honey- dew  on  Corn ,  though  he 
himfeif  thinks  otherwise- 

/is  is  related  snHjlory,  &c.) 


Tit.  Liv.  Book  42.  Se£t.  20.  There 
was  a  Report  of  its  having  rained 
Blood  for  three  Days  at  a  Town  in 
Italy  $  and  in  feverai  other  Places  of 
the  lame  Author.  So  like  wife  Pli¬ 
ny  ,  Book  IJ.  Chap.  56.  It  rained 
Blood  when  M.  Acilius  and  C.  Per. 
cius  were  Confuls » 
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4.  The  Exhalations  being  very  different  in  different  4*  °f 
Countries,  according  to  the  particular  Nature  of  the  Pla-  Manna* 
ces,  they  muft  produce  very  different  Effects.  Out  of 
thefe.  Manna ,  for  Inftance  is  formed,  which  is  of  fuch 
frequent  Ufe  in  Phyfick  ;  and  which  is  gathered  in  the 
Morning  from  certain  Trees  to  which  it  flicks.  Of  this 
there  can  be  no  doubt,  becaufe  it  always  flicks  on  that 
Side  where  the  Wind  blows.  As  to  any  Thing  further  ; 
as,  that  Manna  is  not  found  upon  all  Plants,  the  Reafon 
is,  becaufe  the  Exhalations  don’t  every  where  find  Super¬ 
ficies  proper  for  them  to  flick  to. 


CHAP.  XVI. 


Of  'Flounder,  Lightning ,  and  'thunderbolts , 


^T^HUND  E  R,Lightmng,‘md  Thunderbolts ,  are  the  moft 
furprifing  of  all  Meteors  ;  and  becaufe  they  are  very 
often  accompanied  with  Rain  and  Hail,  the  Order  of 
Things  requires^  that  after  having  treated  concerning  thefe, 
we  fhould  endeavour  alfo  to  explain  how  the  other  are 
produced.  Let  us  imagine  then,  that  fometimes  a  great 
many  Clouds  are  formed  one  above  another,  which  are 
compofed  alternately  of  Vapours  and  Exhalations,  raifed 
by  the  Heat,  at  different  Times,  out  of  the  Bowels  of  the 
Earth.  Let  us  confider  further,  that  the  Seafon  moft 
proper  for  this  Purpofe  being  the  Summer,  during  which, 
the  Air  near  the  Earth  has  Time  to  grow  hot,  efpecially 
if  it  be  calm ;  it  may  happen,  that  fome  Parts  of  this 
Air,  may  be  carried  up,  by  fome  Wind  that  rifes  af¬ 
terwards,  to  one  of  the  higheft  Clouds,  and  blow  againft 
the  upper  Part  of  it ;  fo  that  it  will  condenfe,  almoft  in  a 
Moment,  that  very  fine  Snow  of  which  •  the  Cloud  is 
compofed,  by  making  thofe  Parts  which  are  uppermoft 
approach  nearer  to  thofe  which  are  under  them  :  By  this 
Means  this  Cloud  will  defcend  whole  upon  the  next 
Cloud  under  it,  and  that  with  a  confiderable  Swiftnefs, 
without  this  latter  being  able  to  defcend  at  all ;  becaufe  it 
is  hindred,  by  the  ufual  Caufes  which  fupport  the  Clouds  at 
a  certain  Diftance  from  the  Earth,  and  by  the  Wind  which 
we  juft  now  fuppofed  to  be  arifen.  This  being  fo  5  the 

Air 


i.  How 
Thunder  is 
produced . 
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a*  How 
Thunder  may 
make  a  pro- 
digiouf 

Crack, 


3.  How 
Lightning  is 
made. 


Air  which  is  between  the  upper  and  lower  Cloud,  is  for¬ 
ced  out  of  its  Place  in  fuch  a  manner,  that  that  which  is 
near  the  extreme  Parts  of  the  two  Clouds  gets  out  firft, 
and  fo  gives  an  Opportunity  for  the  extreme  Parts  of  the 
upper  Cloud  to  fink  down  a  little  lower  than  the  Middle 
of  it  does,  and  fo  to  comprehend  a  great  Quantity  of  Air 
in  it,  which  ftriving  to  get  out  by  that  ( 1 )  very  ftreight 
and  irregular  Paifage  which  remains,  it  is  very  eafy  to 
imagine  that  the  manner  in  which  it  gets  out  muft 
caufe  it  to  make  a  great  Noife,  for  the  fame  Reafon  that 
the  Air  which  comes  out  of  an  Organ  through  the  Pipes 
makes  a  great  Noife.  Thus  we  may  hear  the  Noife  of 
Thunder  without  feeing  >any  Lightning. 

2.  I  confefs  indeed  that  this  Sort  of  Thunder  cannot 
make  any  very  great  Noife;  But  becaufe  the  Exhalations 
which  are  fometimes  between  the  two  Clouds,  one  of 
which  falls  with  great  Force  upon  the  other,  are  gene¬ 
rally  fo  comprefled  in  fome  Places,  that  the  Parts  of  the 
fecond  Element  which  were  mixed  with  the  Matter  of 
the  firft  Element,  among  their  little  Branches,  are  dri¬ 
ven  out  thence  ;  it  happens  by  this  Means,  that  the  Ex¬ 
halations  which  are  in  thefe  Places,  fwimming  only  in  the 
Matter  of  the  firft  Element,  are  converted  into  Fire  ; 
which  communicating  it  felf  in  a  Moment  to  every 
Thing  that  is  combuftible  all  round,  it  dilates  the  Air  pro- 
digioufly,  and  proportionably  increafes  the  Velocity  with 
which  it  gets  out  from  between  the  two  Clouds :  And 
this  caufes,  not  a  rumbling  Thunder,  but  a  terrible 
Crack. 

3.  Further;  as  the  Flame  which  proceeds  from  Exha¬ 
lations  is  the  pureft  of  all,  fo  is  it  very  proper  to  pufh 
forward  the  fmall  Globules  of  the  fecond  Element,  with 


( 1)  Very  fir  eight  and  irregular  Paf- 
fage}  &cf  *  It  is  very  common  with 
c  us  to  hold  Water  between  our  two 

*  Hands  joined  together,  and  then  by 
‘  comprefling  them,  to  fqueezeit  out 
f  like  a  Syphon.  Something  like 

*  this  you  m.y  fuppofe  to  be  done 

*  there.  For  the  Straitnefs  of  the 
<  Clouds  when  they  are  comprefled 

*  together,  forces  out  the  Air  which 
‘  is  in  the  Middle — . — and  drives  it 

*  on  as  an  Engine  does.’  Seneca 
Nat.  Quaeft.  Book  t.  Chap.  16. 

But  it  is  far  more  probable,  that 
Thunder  is  produced  not  by  the  tai¬ 
ling  of  the  Clouds,  but  by  the  kind" 


ling  of  fulphureous*  Exhalations* 
Thus  Aurum  Fulminant  makes  a 
great  Noife.  For  fome  fulphureous 
Steams ,  at  all  limes ’when  the  Earth 
is  dry ,  afeending  into  the  Air,  ferment 
there  with  nitrous  Acids ,  and  fame- 
times  taking  Fire,  caufe  Lightning 
and  Thunder  and  fiery  Meteors .  For 
the  Air  abounds  with  acid  Vapours  fit 
to  promote  Fermentations,  as  appears 
by  the  rufiing  of  Iron  and  Copper  in 
tt,  the  kindling  of  Fire  by  blowingt 
and  the  leafing  of  the  Heart  by  means 
of  Refpiration.  Newt.  Opt.  p.  355* 
See  alfo  the  Philofopbical  TrartfaSli* 
ons,  Numb,  I2.J. 


which 
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which  it  is  furrounded,  to  the  Obje&s  which  are  every¬ 
where  about ;  and  they  reflecting  it  to  our  Eyes,  we  muft 
neceflarily  have  the  Sight  of  thofe  Objects  rarfed  in  us,  in 
the  fame  Manner  as  if  the  Sun  or  any  Flame  (hone  upon 
them  ;  And  in  this  confifts  Lightning ,  which,  according 
to  what  was  formerly  faid  concerning  Light  and  Sound, 
muft  be  feen  before  we  hear  the  Thunder,  notwithftand- 
ing  they  are  made  together,  or  perhaps  the  Thunder  is  a 
little  before  the  Lightning. 

4.  Neither  ought  we  to  think  it  ftrange,  that  theThun-  4.  Why  the 
der  continues  longer  than  the  Lightning,  if  we  confider,  found  °f  tbe 
that  the  Agitation  of  the  Air,  which  produces  the  Sound,  iff^nger 
may  continue  on,  after  all  the  Exhalations  which  produce  than  the 
the  Lightning  are  entirely  confumed.  But  we  fhould  2LddLiKbtnW** 
to  this,  that  the  Clouds  and  a  great  many  other  Bodies 

like  wife  which  are  upon  the  Earth,  caufe  feveral  Echoes 
which  make  that  rumbling  which  we  hear  after  the  great 
Crack  of  Thunder  is  over :  And  this  is  confirmed  from 
hence,  that  the  fame  Caufe  which  produces  an  Echo  with 
RefpeCf  to  one  particular  Place,  will  not  always  produce 
one  with  Refpedt  to  another  Place ;  and  thus  likewife, 
the  fame  Clap  of  Thunder  is  not  heard  in  the  fame  Man¬ 
ner  in  all  Places. 

5.  As  it  may  thunder,  as  was  faid  before,*  without  5*  How  it 
Lightning,  fo  it  may  happen  likewife  to  lighten  (1)  with- 

out  Thunder;  for  the  upper  Cloud  maybe  fo  fmall,  and  thunder» 
may  alfo  fall  fo  flowly  upon  the  lower  one,  that  the  Air 
may  not  acquire  a  fufficient  Agitation  to  produce  any 
Noife.  But  notwithftanding  this,  the  Exhalations  may 
be  fo  comprefled,  that  all  the  Parts  of  them  fwimming 
only  in  the  Matter  of  the  firft  Element,  they  may  take 
fire  all  at  once  in  order  to  make  aFlafh. 

6.  Further;  As  the  Heat,  which  makes  a  Cloud  grow  7i> atthe 

fo  heavy,  as  to  fall  very  quick  upon  another  Cloud,  muft 

alfo  be  fufficient  to  diffolve  feme  Part  of  the  Snow  of  great  Force 
which  the  Cloud  confifts  ;'  it  follows  that  at  every  Clap  of  every  umeit 
Thunder,  there  muft  fall  down  a  very  great  Quantity  of  ’un  s 
Rain.  And  fo  we  always  fee  there  does,  if  the  Thunder 
be  direcftly  over  our  Heads. 


(T)  W 'tbout  Thunder ,)  It  very  of¬ 
ten  happens,  that  theThunder,  being’ 
at  a  very  great  Diftance,is  not  heard. 
As  Seneca  very  well  obferves.  1  What 
«  then,  fays  he,  does  it  not  alfo  light- 
*  en  fometimes  in  a  calm  Night, 
f  When  the  Stars  appear  ?  But  you 


c  are  to  underfland,  that  there  are 
f  Clouds  in  that  Place  from  whence 
‘  the  L  ghtning  comes,  though  the 
*  fwelling  of  the  Earth  will  not  fufr’er 
‘  us  to  fee  them.’  Nat.  Qutjl. 
Book  II,  Chop,  20* 
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*  Paris . 


2,  That  this 
Stone  is  of 
no  ufe  to  ex¬ 
plain  the 
EjfeEls  of 
Lightning 
by. 


q.  How  it  is 
pojfible for  a 
bard  Body  to 
be  generated 
in  the  Air . 


3  0.  Why 

Liohtnin  r 

(d> 

falls  gene  * 
rally  upon 
the  bighf 
Blaus. 


y.  That  which  is  commonly  calledThunder,  if  it  breaks 
and  tears  any  Thing  to  Pieces,  is  then  called  a  Thunder¬ 
bolt.  And  becaufe  it  is  a  general  Notion  amongft  the  Peo¬ 
ple,  that  the  hardeft  Bodies  have  the  moil  Power  to  fpoil 
other  Bodies ;  therefore  they  believe,  that  befides  the  Light 
and  the  Flame  which  come  out  with  fo  much  Violence 
from  between  the  Clouds,  there  comes  out  alfo  a  very 
hard  Body  which  they  call  a  Thunder-Jlone  ;  And  if  we 
don’t  fee  one  of  thefe  fall,  at  every  Clap  of  Thunder,  the 
Reafon  is,  they  fay,  becaufe  it  does  not  always  dart  it  felf 
towards  the  Earth,  but  gets  out  at  a  Part  of  the  Cloud  that 
looks  another  Way.  But  if  this  were  fo,  it  is  impoffible 
but  that  one  of  them  fhould  have  been  feen  to  fall  at  fome 
Time  or  other,  in  fome  of  the  Streets  of  this  *  great 
City,  or  in  fome  Court,  or  on  the  Roof  of  fome  Houfe ; 
which  no  Perfon,  that  I  know  of,  can  affirm  that  they 
have  feen.  And  it  is  a  very  weak  Reafon  to  fay,  that 
we  do  not  fee  them,  becaufe  they  are  not  darted  diredtly 
againft  the  Earth  ;  for  if  they  move  llanting  or  upwards, 
they  muff  at  laft  fall  down  by  their  own  Weight. 

8.  But  there  is  no  need  of  having  Recourfe  to  a  hard 
Body  in  order  to  explain  the  more  common  Effefts  of 
Lightning  :  For  if  we  confider  that  Gun-powder  which 
takes  Fire  in  a  Cannon,  hath  nothing  of  Hardnefs  in  it, 
and  yet  has  Force  enough  to  drive  out  a  Bullet  with  in¬ 
credible  Swiftnefs,  and  fometimes  tofplit  or  break  in  Pie¬ 
ces  the  Cannon  it  felf ;  we  fhall  be  convinced  that  there 
is  no  Need  of  a  Thunder-Jlone  to  tear  Bodies  in  Pieces  in 
the  manner  we  fee  them. 

9.  Not  that  it  is  impoffible  for  a  hard  Body  to  be  ge¬ 
nerated  in  the  Air,  which  may  be  taken  for  this  imagi¬ 
nary  Stone ;  if  there  fhould  be  in  the  Air  any  volatile 
Salts,  mixed  with  fulphureous  Exhalations,  and  any  other 
more  terreftrial  Exhalations,  fuch  as  thofe  which  fettle  like 
Mud  to  the  Bottom  of  Rain-water,  which  Hands  covered 
for  fomeTime :  For  we  find  by  Experience,  that  Sulphur., 
Saltpetre,  and  this  Mud  dried,  if  they  be  mixed  together 
in  a  due  Proportion,  will  be  converted  into  a  very  hard 
Stone  by  the  Fire  as  it  were  in  a  Moment  of  Time. 

10.  Nor  is  it  at  all  wonderful  that  Lightning  fhould  fall 
upon  Bodies  which  are  at  the  greateft  Height  from  the 
Ground,  fuch  as  the  Tops  of  T owers,  fooner  than  upon 
thofe  that  are  lower  :  For,  the  Clouds  where  the  Thunder 
is  generated,  being  very  high,  and  the  Opening  being  ge-1 
nerally  on  the  Sides  of  them  \  the  Exhalation’  which  darts 

out 
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out  thence,  and  which  moves  flanting,  mufl  ftrike  again# 
the  Bodies  which  are  very  high.  To  which  may  be  added 
further;  that  if  two  Clouds  which  are  joined  together  at 
their  Extremities,  be  about  to  break  in  the  lower  Part,  it 
ought  generally  to  be  in  a  Place,  diredlly  under  which  there 
is  fome  very  high  Body;  becaufe  this  Body  refilling  at  firft 
the  Defcent  of  the  Air,  makes  it  divide  and  feparate  on 
each  Side,  and  this  caufes  the  Cloud,  which  has  the  fame 
Determination,  to  open  exadlly  fa  this  Place,  where  con- 
lequently  the  Lightning  can  the  moll  eafily  defcend. 

11.  It  is  alfo  eafy  to  apprehend  how  Lightning  may  burn 
Men’s  Cloaths  and  Hair,  without  doing  them  any  other 
Mifchief ;  and  fometimes,  fpend  its  whole  Force  upon  fuch 
Things  as  refill  it  moll;  (i)  in  breaking  the  Bones,  for  In- 
Ilance,  without  fenfibly  damaging  the  Flelh  :  For,  there 
being  very  different  Sorts  of  Exhalations,  fome  of  them 
may  be  like  Sulphur,  the  Flame  of  which  is  very  light, 
and  will  take  hold  only  of  Bodies  that  will  eafily  burn : 
On  the  other  Hand,  fome  of  them  may  be  very  fubtle 
and  penetrating,  much  of  the  fame  Nature  as  volatile  Salts 
or  Aqua-FortiSy  which  will  not  meddle  with  Bodies  that 
are  very  foft,  but  exert  their  whole  Force  upon  hard  Bo¬ 
dies,  fo  that  they  will  diffolve  Bones  or  Iron.  It  is 
very  true,  that  a  Bone  may  alfo  be  broken  only  by  the 
fhaking  of  the  Air,  in  which  that  terrible  Noife  of  the 
Thunder  confills,  when  it  is  very  near  us :  For  if  the 
Sound  of  a  very  large  Bell  will  fometimes  make  a  Man 
who  is  very  near  it  Ihake  fo  as  hardly  to  be  able  to  Hand 
upon  his  Legs  ;  the  Noife  of  Thunder  may  he  fuch  as  is 
capable  of  breaking  a  Bone ;  And  the  Flefh  may  feem  not 
to  be  hurt,  or  at  moll  only  bruifed ;  becaufe  that  is  fo 
foft  as  to  yield  any  way  without  breaking. 

12.  Laftly ,  There  is  fome  Reafon  for  affirming  that  the 
Sound  of  Bells  maycaufe  the  Thunder  toceafe;  becaufe 
the  Air  which  is  near  the  Bell,  Ihakes  that  which  is  higher 
up,  and  this  Air  may  fo  Ihake  the  lower  Cloud  as  to  make 


II.  The 
C  aufe  offe¬ 
rer  al  Effefis 
of  Light¬ 
ning. 


it. That 

Sound  of 
Belli  may 
drive  Light¬ 
ning  away* 


(i)  In  breaking  the  Bones ,  &c.) 
‘  Silver  is  melted  withouthurting  the 
‘  Bag  $  and  a  Sword  diffolves  when 
(  the  Scabbard  is  whole ;  and  Iron 
‘  melts  about  the  Pikes  without  inju- 
‘  ring  the  Wood  :  Wine  continues 
<  ftiff  when  the  Hogihead'is  broken, 
*  but  this  Stiftnefs  does  not  laft  above 
«  three  Days.’  Seneca' t  Nat.  Quceji. 
4M  11.  Chap. 31,  «  There  is  a  third 


e  Sort  of  Lightning,  which  they  call 

*  bright  Lightning,  of  a  moil  furpri- 

*  fing  Nature,  which  empties  Hogs- 

<  head  without  touching  what  they 

*  are  covered  with,  and  leaves  no 
f  Marks  behind  it;  Gold  andCop- 

*  per,  and  Silver,  are  melted  within, 

*  when  the  Bags  are  not  burnt  at  all, 

<  nor  the  Wax- Seal  in  the  lead  dif- 

*  ordered,  Pliry,  Bosk  11.  Chap.  51. 

it 
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it  fall  down  in  Rain  before  the  upper  Cloud  gets  fo  low  : 
And  when  this  upper  Cloud  comes  afterwards  to  fall,  it 
can  impell  the  Exhalations  in  the  open  Air  only,  where 
they  have  no  Opportunity  of  taking  Fire,  becaufe  they  are 
not  comprefied  together.  Befides,  when  Part  only  of  the 
lower  Cloud  is  fallen  down,  the  fhaking,  imprefled  upon 
the  Air  by  the  Bell,  may  difpofe  the  Exhalations  which 
are  above  the  Part  which  opens,  to  take  their  Courfe  that 
Way ;  fo  that  the  Matter  out  of  which  the  Lightning  is 
formed,  being  wanting  in  the  Place  where  it  fhould  be 
formed,  it  is  no  Wonder  that  there  is  not  any  at  all 
produced. 


CHAP.  XVII. 

Of  the  RAIN-BOW, \ 


I.  What  is 
meant  by  a 
Rain  bow. 


2  .  A  general 
ConjeElure 
about  the 
Ram.  bow. 


TH  E  common  People  are  not  more  aftonilhed  when 
they  hear  theNoife  of  Thunder, than  the  Philofophers 
are  furprifed,  when  they  fee  thofe  Colours,  in  the  Shape 
of  a  Bow,  which  appear  on  a  fudden,  in  rainy  Wea¬ 
ther,  in  that  Part  of  the  Air  which  is  oppofite  to  the  Sun ; 
and  which  fometimes  difappear  alfo  in  a  Moment.  Thefe 
Colours,  are  called  the  Iris  or  Rain-Bow ;  the  Caufe  of 
which  has  been  for  a  long  Time  fearched  after,  but  no¬ 
thing  found  out  fo  as  to  fatisfy  any  reafonable  Perfon,  till 
this  laft  Age.  I  fhall  give  fuch  an  Explication  of  it  as  I 
hope  can  be  maintained.  But  that  we  may  lay  afide 
all  Prejudices,  and  not  engage  our  felves  in  confuting  a 
great  many  Opinions  which  fome  Philofophers  have  pro- 
pofed  upon  this  Subjedf;  let  us  imagine  ourfelves  ,to  be 
the  firft  who  have  laboured  to  find  out  the  Caufe  of  this 
Meteor. 

2.  The  firft  Thing  that  I  obferve  is,  that  whenever 
we  fee  any  Colours,  there  muft  always  be  fome  Light  % 
the  Rays  of  which  are  either  reflected  to  us  by  the  Su¬ 
perficies  of  fome  opakeBody,  or  tranfmitted  through  fome 
Sort  of  transparent  Body,  which  at  the  fameTime  it’felf 
is  tinctured  with  fome  Colour;  or  elfe  pafs  through  a  Body 
entirely  tranfparent,  but  fo  as  to  be  fome  way  refracted. 
And  fince  Experience  does  not  teach  us  any  other  but 

thefe. 
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thefe  three  Ways  of  difcerning  Colours,  it  is  unreafonable 
to  think  that  there  fhould  be  a  fourth  Way  which  is  not 
comprehended  in  any  of  thefe.  And  fince  it  is  not  at  all 
probable,  that  there  fhould,  in  fo  fhort  a  Time,  be  form¬ 
ed  in  the  Air  any  very  large  opake  Body,  which  is  able  to 
reflecft  the  Light,  in  fuch  a  manner  as  it  mult  do,  to  caufe 
us  to  fee  a  Rain-bow  ;  or  any  kind  of  tranfparent  Body, 
which  is  at  the  fame  Time  tinctured  with  Colours  proper 
for  the  like  Purpofe  :  And  fince  we  are  further  allured, 
by  Experience,  that  the  Air  is  full  of  Drops  of  Water, 
which  are  entirely  tranfparent  and  of  no  Colour  at  all ; 

We  may  reafonably  conjecture,  that  it  is  thefe  Drops  of 
Water,  by  which  the  Light  is  refraCted  in  palling  through 
them,  that  make  us  perceive  the  Colours,  by  tranfmitting 
the  Rays  to  our  Eyes  with  Modifications  proper  and  ne- 
ceffary  to  excite  fuch  Senlatidns. 

3.  This  is  indeed  a  Conjecture  only  ;  But  in  order  to  3.  7 bar  a 
fee  whether  it  be  well  or  ill  founded,  let  us  confider  what  Zreat  manf  ! 
mult  become  of  Rays,  which^  coming  from  a  lucid  Bo- 
cfy  at  a  very  great  Diltance  fuch  as  the  Sun  is,  fall  upon  faiiupontbe 
a  watry  Body,  of  a  fpherical  Figure,  as  we  know  every  ^r9P*  °f 
Drop  of  Water  is;  Let  us  then  examine  the  Scheme  ;  finTback*  } 
iji  which  we  fuppofe  ADKN  to  reprefent  a  Drop  of  to  the  fame 
Rain,  and  the  Lines  £F,  BA,  ON,  and  fuch  like,  which  pJaa^ 
come  all  from  the  fame  Part,-  to  be  Rays  coming  from  after  two 
the  Sun’s  Center,  which  we  confider  as  parallel  to  each  Refra&ions 
other,  becaufe  of  the  valt  Diltance  betwixt  the  Sun  and  us.  jifj™ 
This  being  fuppofed,  fince  it  is  evident,  that  the  Ray  BA  Tab.  XVX» 
only  is  perpendicular  to  the  Superficies  of  theWater,  becaufe  FiS*  *• 
that  is  the  only  one  which  tends  to  the  Center  of  the  fphe¬ 
rical  Superficies  of  the  Drop, and  that  all  the  other  Rays  fall 
obliquely  upon  the  fame  Superficies ;  it  is  eafy  to  fee,  that 
all  the  Rays  which  enter  into  the  Water,  except  B  A,  will 
be  refracted  towards  the  Perpendicular.  Thus  the  Ray  EF, 
and  thofe  which  accompany  it,  do  not  go  diredirly  to  G,  but 
approaching  towards  the  Perpendicular,  go  from  F  to  K, 

Where  without  doubt  fome  of  them  pafs  through  into  the 
Air,  which  has  Pores  there  fit  to  receive  them  ;  but  as  to 
others,  which  are  not  thus  difpofed  to  continue  on  tfie 
fame  Way,  they  muft  neceifarily  be  reflected  within  the 
drop  of  Water,  along  the  Line  KN,  fo  that  the  Angle 
of  Re.fieffion  may  be  equal  to  the  Angle  of  Incidence.  Af* 
ter  this,  the  Ray  KN,  and  fuch  like,  falling  obliquely 
upon  the  Superficies  of  the  Air,  which  furrounds  this  fmall 
Sphere  of  Water,  cannot  enter  into  the  Air,  without  be- 
Vol.  II.  P  ing 
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ing  refraCted  and  going  from  the  Perpendicular  LM  : 
Wherefore  inftead  of  going  dire&ly  to  Y,  they  muft  gcf 
towards  P. 

4.  That  4,  Jt  is  to  be  obferved  alfo,  that  fonie  of  the  Rays 
fim  other  which  come  to  N,  do  not  go  out  into  the  Air*  till  they 
Rays  which  are  refle&ed  again  to  Qj  where,  after  being  refraCted, 
falling  upon  the  refl-5  they  do  not  go  directly  to  Z,  but  turn  from 
Water yafe  the  Perpendicular  TV  towards  R.  But  becaufe  we  are 
fent  Sack  to  not  confidering  any  of  the  Rays  of  Light,  but  thofe  only 
the  fame  -which  can  affeCt  the  Eye,  when  it  is  placed  a  little  low- 
i Imefrom [  er  than  the  Drop,  as  about  P  ;  we  may  affirm  that  thofe 
after  two  which  are  reflected  from  N  to  are  ufelefs,  becaufe 
^fd^woRc-  t^ey  do  not  come  to  the  Eye  :  But  then  we  are  to  take 
Jlcttioni*  -  Notice,  that  there  are  others  as  2  3  and  the  like,  which 

being  refraCted  from  3  to  4,  and  reflected  from  4  to  5? 
and  again  refledted  from  5  to  6,  may  at  laft,  by  being 
refraCted  at  6,  come  to  the  Eye  at  7 ,  which  is  beneath 
the  Drop. 

5.  Vfeful  3«  Thefe  Things  are  eafily  underftood  in  general.  But 
Obfervatm*  if  We  would  know  exactly  how  much  every  particular 
STS*1**/  1S  refra<^ed>  we  mu^:  do  it  by  Calculation  :  And 
Light 'which  upon  fuch  Calculation  it  appears,  that  thofe  Rays  which 
tome  out  of  fall  upon  the  fourth  Part  AD  of  the  Sphere,  go  on  in 
! Water°‘ ^  ^uch  Lines  as  are  here  reprefented  by  the  Drop  ADKNj 
Tab.  XVI.  which  if  we  examine,  we  {hall  make  three  remarkable 
fig.  1*  Obfervations.  The  firft  i9,  that  the  two  Refractions 

which  the  Rays  of  Light  undergo  at  their  entering  in  and 
coming  out  of  the  Globe  of  Water,  are  made  both  the 
fame  Way,  fo  that  the  latter  does  not  at  all  deftroy  the 
EffeCt  of  the  former^  The  fecond  is,  that  amongft  all 
the  Rays  which  come  out  of  the  Part  of  the  Sphere  AN, 
only  NP  and  fome  few  that  are  very  near  it,  are  power¬ 
ful  enough  to  raife  any  confiderable  Senfation,  becaufe 
only  thofe  come  Efficiently  thick  and  very  nearly  paral¬ 
lel,  the  Reft  are  very  much  diverging,  and  feparate  further 
from  each  other  when  they  come  out  of  the  Globe,  than 
they  did  When  they  entered  in.  The  third  is,  that  there 
is  a  Shadow  beneath  the  Ray  NP ;  for  fince  there  is  no 
Ray  of  Light  which  comes  out  of  the  Part  of  the  Globe 
N  4,  it  is  the  fame  thing  as  if  this  Part  were  covered 
With  an  opake  Body  :  W e  may  aifo  affirm  that  the  Ray 
NP  has  a  Shadow  above  it?  becaufe  the  Rays  wThich  are 
there,  have  no  EffeCl,  and  therefore  are  no  more  to  be 
confidered  than  if  they  were  not  there  at  all. 
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-  8.  Further  ;  ( 1 )  It  appears  by  Calculation,  that  the  An-  6.  * bat  -we 
gle  ONP,  which  the  Ray  NP  makes  with  the  Line  ON  ^ree°Softt 

drawn  of  effeBive 
Rays. 


(1)  It  appears  by  Calculation,  8c c.) 
Cartes,  in  Order  to  find  the  Diame¬ 
ter  of  the  Rain-bow,  fearched  out  ail 
the  Angles  which  parallel  Rays,  fall¬ 
ing  upon  a  refracting  Sphere  and  co¬ 
ming  out  after  one  or  two  Reflexions 
Inade  by  the  Superficies  cf  it,  make 
with  the  Axis  of  Vifion,  taking  at 
Pleafure  fometimes  one  and  fome- 
times  another  Angle  of  Incidence. 
Thus  he  gained  his  Purpofe  by  going 
a  great  Way  about,  and  in  a  Method 
not  at  all  neceflary,  and  which  isalfo 
^ery  far  from  geometrical  ExaCtnefs. 
What  he  did  thus  by  repeated  Tri¬ 
als,  the  famous  Dr.  Halley  has  done 
in  a  plain  and  direCt  Method,  in  his 
Difcourfe  upon  the  Rain-bow  (  in 
the  Pbilofopbical  Tranfaitions ,  Num¬ 
ber  267.)  which  it  will  not  be  amifs 
more  fully  to  explain  in  this  Piace. 
It  is  to  be  obferved  therefore  ; 

That  it  is  neceflary,  that  of  the 
Rays  which  fall  parallel  and  conti¬ 
guous  upon  a  refraCling  Sphere, 
thofe  that  are  afteCtive  or  proper  to 
produce  a  Rain-bow,  mull  alfo  come 
out  of  the  Sphere  parallel  and  con¬ 
tiguous.  Otherwise  they  will  not 
come  thick  enough  to  the  Specta¬ 
tor’s  Eyes,  to  exhibit  thofe  vivid 
Coiours  of  the  Rain-bow.  Whence 
it  follows, 

That  thofe  effective  Rays,  which 
come  cut  after  one  Reflexion  made 
by  the  Superficies  of  the  Sphere, 
have  all  the  fame  Point  of  Reflexi¬ 
on  :  Thofe  which  come  out  after 
two  Reflexions,  are  parallel  while 
they  are^efleCted,  that  is,  from  one 
Point  where  they  are  reflected  to 
another  :  Thofe  after  three  Reflex¬ 
ions,  have  all  the  fame  middle  Point 
of  Reflexions  :  Thofe  after  four, 
have  their  reflected  Parts,  which 
join  the  fecond  and  third  Points  of 
Reflexions,  parallel.  And  fo  on  in 
a  great  many  fuch  like  Reflexi¬ 
ons. 

For  let  TZE,  be  a 
Tab.  XIX.  great  Circle  of  a  refrac- 
Fig.  I.  ting  Sphere  ;  Let  the 
parallel  and  contiguous 
Rays  and  which  lie  in  the  Plane  of 
it,  RI,  r i,  fall  uponitj  and  after 
they  are  refraCted,  let  them  meet  in 
the  fame  Point  of  the  Circumference 


,  Tab.  XVI. 

Z  and  then  after  they  are  reflected  Rig,  j, 
from  thence,  let  them  go  out  in  the 
Lines  EM,  em.  It  is  manifefl  from 
the  Nature  of  the  Circle  and  of  Re¬ 
flexion,  that  the  reflected  Rays  ZE, 

Z  e,  are  refpeCtively  equal  to  ZT,: 

'Ll,  and  therefore  have  entirely  the 
fame  Pofition  with  them,  both  with 
RefpeCt  to  the  Sphere  and  to  each 
other.  Whence  it  follows ,  that 
fince  the  RefraClionsin  E,  e,  and  in 
I,  /,  are  equal,  and  the  incident 
Rays  Ri,  r  i,  parallel  5  the  emer¬ 
gent  Rays  EM,  em,  will  be  parallel 
alfo*  Whence,  on  the  contrary,  it 
is  eafy  to  fee,  that  if  the  Rays  are 
effective,  they-  have  one  and  the  fame 
Point  of  Reflexion. 

For  the  fame  Reafon  ,  . 
it  will  eafily  appear,  that  Tab. XIX. 
the  effective  Rays  RIy  Fig.  2. 
r  i ,  which  go  out  after 
two  Reflexions,  have  their  reflected 
Parts  ZY,  xy,  (  which  conneCt 
the  Points  of  Reflexions  Qjnd  Y, 
x  and y  )  parallel,  and  ought  to  have 
that  Pofition  which  was  mentioned 
of  the  reflected  Rays  in  the  feveral 
Reflexions.  Whence  it  follows  fur¬ 
ther, 

'  7  , 

That  the  effective  Rays  have  their 
Angle  of  Incidence  fo  oidered  , 
that  if  there  be  but  one  Reflexion, 
its  nafeent  Increment  or  fmallefl: 

Increafe,  is  double  the  Increafe  of 
the  Angle  of  RefraCtiori  made  in  the 
fame  Time.  If  there  be  two  Re¬ 
flexions,  the  firff  Increment  is' 
triple  the  latter.  If  there  be  three, 
quadruple  j  if  four,  quintuple  and 
fo  on. 

For  it  is  manifefl, 
that  the  very  fmall  Tab.  XIX» 

Arch  Ii,  is  the  nafeent  Fig.  I. 

Increment  of  the  Angle 
of  Incidence:  And  if  the  Semidia¬ 
meters  Cl,  CZ  be  drawn  j  fince  ClZ 
or  CZI  is  the  Angle  of  RefraMion, 
the  Angle  iZl  will  be  the  Increment 
of  '.he  Angle  of  Refrafclion  genera¬ 
ted  in  the  fame  Time,  and  the  Arch 
Ii  double  the  Angle  iZl, 

Here  alfo  I  i  is  the 
nafeent  Increment  of  Tab.  XIX» 
the  Angle  of  Incidence  j  Fig.  2. 

And  if  the  Semidia- 
meU:s  CL,  Cx  te  draw  n,  fince 
P  x  CZY, 
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drawn  from  the  Sun’s  Center,  is  forty  one  Degrees,' and 
thirty  Minutes.  And  fince,  befides  thofe  Rays  which  we 

fuppofd 


CZY,  C zy  are  the  Angles  of  Re¬ 
fraction,  (becaufe  ZY  is  parallel  to 
fcy)  the  Angel  ZCx  or  the  Arch  Zx 
is  the  Increment  of  the  Angle  of 
Ke fraction.  But  iZx  (=  Arch  ZY 

—  Arch  xy  =  Arch  IZ —  Arch  ix) 

—  I*  —  Zx.  Therefore  I/  —  3Z2:. 

By  much  the  fame  Way  of  argu¬ 
ing  it  may  be  proved,  that  if  there 
be  three  or  more  Reflexions,  the 
Ratio  of  the  nafcent  Increments  of 
the  Angle  of  Incidence  and  Refrac¬ 
tion,  is  fuch  as  we  have  afiigned. 

Wherefore,  in  order  to  find  out 
the  Angle  of  Incidence  of  a  Ray 
Which  is  effective  after  a  given  Num¬ 
ber  of  Reflexions  j  we  mult  find 
out  that  Angle,  whofe  nafcent  or 
infinitely  fmall  Increment,  bears  the 
fame  Proportion  to  the  Increment 
of  the  correfpondent  Angle  of  Re¬ 
fraction,  made  at  the  fame  Time  j 
as  the  given  Number  of  Reflections 
increafed  by  Unity,  bears  to  Unity. 
And  this  Angle  wi  11  be  determined 
by  the  following  Lemma , 

Lemma • 

Let  .ABC  be  an  ob- 
Tab.  XlX.  tufe  angled  Triangle* 
Fig*  3«  from  whofe  Vertex  A 
let  the  Perpendicular 
AD  be  let  fall  upon  the  Bale  BC 
produced.  I  fay,  that  the  Sides  AC, 
AB  remaining  the  fame,  the  nafcent 
Increment  of  the  external  Angle 
ACD,  is  to  the  Increment  of  the  An¬ 
gie  ABC  made  in  the  fame  time,  as 
£D  to  CD. 

Demonft. 

Imagine  the  Side  AC  to  be  turn¬ 
ed  about  the  Center  A  ;  And  by  this 
Motion  its  extreme  Point  C  to  car¬ 
ry  the  Line  BCD  into  the  Pofition 
Tied,  fo  that  the  Angles  CAc,  CB c, 
by  the  na 'cent  Increments  of  the  An¬ 
gles  BAG,  ABC  :  And  let  cC,  cD 
be  joined* 

The  Angle  ACD  is  equal  to  CAB 
and  ABC  j  and  the  Angle  Acd,  is 
equal  to  cAB,  and  A£c.  Therefore 
the  Excefs  of  Acd  above  ACD,  or 
the  nafcent  Increment  of  the  Angle 
ACD  is  equal  to  CBr  and  CAc.  Now 
becaufe  the  Angle  ArC  differs  but 
infinitely  little  from  a  right  Angle, 
the  Circle  defcribtd  on  the  Diameter 


AC,  will  pafs  through  the  Points  D 
and  c  j  and  therefore  the  Angles 
CAc,  CDc,  infilling  on  the  fam« 
Arch  of  that  Circle,  are  equal.  The 
nafcent  Increment  therefore  of  the 
Angle  ACD,  is  equal  to  CBf  and  CDc* 
that  is,  it  is  equal  to  D cd.  But  the 
nafcent  Angles  D cd,  DBc  are  to  each 
other  as  their  Sines,  that  is,  as  BD, 
the  S:de  of  the  Triangle  BDc  to  De. 
Now  becaufe  the  Angle  CDc  is  in¬ 
finitely  fmall,  D c  is  equal  to  DC  ? 
wherefore  the  nafcent  Increment  of 
the  Angle  ACD,  vix  D cd,  is  to  the 
Increment  of  the  Angle  ABC,  made 
in  the  fame  time,  vix»  C£c  j  as  BD 
to  CD.  Q,.  E.  D. 

Coroll . 

The  nafcent  Increments  therefore 
of  the  Angles  a  CD,  ABD,  are  as 
the  Tangents  of  thofe  Angles  direCt- 
Jy  j  a  Line  being  drawn  from  the 
£oint  B  parallel  to  AC  till  it  meets 
DA  produced.  As  appears  from 
Prop,  4.  Book  VI.  Eucl. 

Problem  I. 

The  Ratio  of  RefraCtion  being 
given;  to  find  the  Angles  of  Inci- 
dence  and  RefraCtion  of  an  effect¬ 
ive  Ray,  after  a  given  Number  of 
Reflexions. 

Let  any  ftreight  Line  AC  be  taken, 
and  let  it  be  fo  divided  in  D,  that 
AC  may  be  to  AD*  as  the  Ratio  of 
Refraffion  ;  and  let  it 
be  divided  again  in  E,  Tab.  XIX, 
fo  that  AC  may  be  to  Fig.  4. 

AE ,  as  the  given 
Number  of  Reflections  increafed  by 
Unity,  is  to  Unity.  Having  deferi- 
bed  the  Semicircle  CBE  on  the 
Diame'e?  I  E  ;  frem  the  Center  A, 
with  the  Radius  AD,  Jet  the  Arch 
DB  be  deferibed,  interacting  the 
Semicircle  in  B  :  Let  AB,  CB  be 
drawn,  then  will  ABC,  or  its  Com¬ 
plement  to  two  right  Angles,  be  the 
Angle  of  Incidence,  and  ACB  the 
Angle  of  RefraCtion  required. 

Demonft . 

From  the  Point  A,  let  the  Per¬ 
pendicular  AF  be  let  fall  upon  CB 
produced,  and  let  BE  be  drawn  ; 

then 
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fuppofe  to  come  from  this  Center  to  the  Drop  of  Wa¬ 
ter,  there  come  others  alfo  from  every  Point  of  the 

Sun’s 


then  will  the  Triangles,  ACF,  ECB 
be  fimilar.  Now  the  Sine  of  the 
Angle  ABC,  or  ABF,  is  to  the 
Sine  of  the  Angle  ACB,as  AC  to  AB 
or  AD,  that  is,  in  the  given  Ratio  of 
Refraction  {by  ConfiruEl.)  Sup  poling 
therefore  ABF  to  be  the  Angle  of 
Incidence,  ACB  will  be  the  corres¬ 
ponding  Angle  of  RefraCtion.  Fur- 
ther,  the  nafcent  Increment  of  the 
Angle  ABF,  is  to  the  Increment  of 
the  Angle  ACB,  generated  in  the 
fame  Time,  as  CF  to  BF ;  {by  the 
Lemma)  that  is,  as  CA  to  EA.  {by 
Jimilar-irianglei )  that  is,  as  the  given 
Number  of  Reflexions  increafed  by 
Unity,  is  to  Unity  {by  Conftr.) 
Wherefore  the  Ratio  of  the  nafcent 
Increment  or  the  Angle  of  Inci¬ 
dence  ABF,  to  the  Increment  of  the 
Angle  of  RefraCtion  ACB,  is  fuch  as 
is  required  {by  the  Objervations  a - 
bovt)  in  the  Angles  of  Incidence 
and  RefraCtion  of  an  effective  Ray 
after  a  given  Number  of  Reflecti¬ 
ons.  The  Angles  ABC  or  ABF,  and 
ACB  therefore  are  the  Angles  requi¬ 
red.  ^  E .  D . 

Coroll.  X, 

From  the  foregoing  ConftruCtion 


of  this  Problem  ;  the  Rule  of  the  fa-* 
mous  Sir  JJaac  Newton ,  for  finding 
the  Angle  of  Incidence,  which  you 
may  find  in  his  Opticki,pag.  148, 
may  eafily  be  collected.  For  let 
I  be  to  R  in  the  Ratio  of  RefraCti- 

I 

on  1  then  will  ACs= . —  AB  j  let  n  be 
R 

the  Number  of  Reflections  increafed 
by  Unity,  and  it  will  be  »Fn — 
FC.  And  becaufe  the  Angle  at  F 
is  a  right  Angle,  therefore  ACy— . 

i  I 

CFy  =  ABy-^.  BFy  }  that  is,  — — 

R  R 

ABy —  »«FBy=  AB y —  BFy  j  and 

1  I 

therefore  ««FBy— -  BFy— - ABf 

R  R 
B  F 

—  ABy  j  and  again  —  •  =3 

AB 

I  I  —  R  R  ,.r. 

t/T-RR^  RR~ 
ftead  of  n  be  put  its  Value,  which  in 
the  firft  Rainbow  is  2,  in  the  fecond, 
3,  in  the  third,  4,  &fc.)  it  will  be 

V H-j-RR : :  AB :  FB  :j  the 
Radius :  the  Cofine  of  Inti-" 
dence.  '  i 


C  ijl.  */3  RR :? 
In  Rainbow  the<  2 d,  ^  8  RR  :  V 

^  15RR  -  J 

&c. 


But  the  foregoing 
Tab.  XXVII.  Rules  may  be  found 
Fig.  3.  in  a  more  Ample  and 

expeditiousWay  yet ; 
if  it  be  confidered,  that  the  fmalieft 
Increments  of  Angles  or  Arches, 
are  to  each  other,  as  the  Increments 
of  their  Sines  generated  in  the  fame 
Time,  dire&Iy,  and  the  Cofines 
themielves  inverfely.  On  the  Center 
C,  with  the  Diftance  CA  let  the 
Arch  of  the  Circle  AD  be  defcribed  ^ 
then  will  DSbe  its  Sines,  and  d  *  the 
Sine  of  the  Arch  which  exceeds  the 
Arch  AB  by  Dd  the  fmalieft  Dif* 
ference  that  can  be.  Let  Dp  be  drawn 
perpendicular  tods,  and  dp  will  be 
the  Increment  of  the  Sine  DS-  ge¬ 
nerated  in  the  fame  Time-  Let  DC 
be  drawn  $  than  {by  the  Jimil.  inan- 
gels  VCS,  Ddp)  it  will  be  SC  ;  CD 


:  :  pd  :  Dd.  Wherefore  Dd  =3 

CD  x  pd  I 


SC 

Confequently  {tbe  Radius  CD  being 
every  where  the  fume)  D  d  or  the 

pd 

fmalieft  Angle  D Qd  Is  as  — - — n 

SC 

Now  the  Letters  »,  I  and  R  ftanding 
for  the  fame  Things  as  before,  and 
pitting  S  f°y  the  Cofine  of  the  An¬ 
gle  of  Incidence  of  an  effective  Ray, 
and  a-  for  the  Cofine  of  the  Angie  of 
the  Retraffion  of  the  fame  j  Since 
a  is  to  I  {by  the  Obfervations '  above ) 
as  the  fmalieft  Increment  of  its  An¬ 
gle  of  Incidence,  to  the  Increment 
of  the  Angle  or  Ri  fra  ft  ion  genera¬ 
ted  in  the  fame  Time  ;  and  the  In¬ 
crements  of  thofe  Angles  are  thf 
P  3  Incre» 
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Sun’s  Superficies ;  we  ought  to  examine  a  great  many 
more  effective  Rays,  and  particularly  that  which  comes 

from 


Increments  of  the  Sines  direCtly, 
and  as  the  Cofines  themfelves  inverfe- 
ly  j  and  ( becauje  tbe  Ratio  of  the 
Sines  of  Incidence  and  Refratlion  is 
given)'  the  Increments  of  the  Sines 
of  Incidence  and  Refraction,  are  to 
each  other  [by  Converfon)  as  the 
Sines  themfelves,  or  as  I  to  R  5 
Therefore  n  will  be  to  i  as  I  to  R 
diteCIly,  and  as  to  <r  inverfely, 
I  R 

that  is  « :  i  : Wherefore  I  *• 

S  o- 

===  n  Rg  .  Putting  therefore  r  for 
the  Radius  anfwering  to  §  and  <7; 

V  ri — 2*  will  he  the  Sine 
of  the  Angle  of  Incidence  anfwer¬ 
ing  to  that  Radius,  and  [the  Ra- 
tio  of  RefraElioit  being  given) 

MV  S  »  will  be  the  Sine  of  the 

I 

Angle  of  RefraCtion,  and  therefore 
y  1^1— Rara-|-R2S  1  win  be 
•  -  - 

its  Ccfine  or  <r.  Wherefore  in  the 
Equation  I  cr=:»RS  ,  if  for  be 
fubftituted  its  Value,  it  will  be 

y  xi  ri  —  R2  r\  y  R2  g  j  __ 

*R)§  i  And  ( fquaring  the  Parts  and 

tranjpofmg  them)  U  r 2 R2  r 2  __ 

1,2  R*  ^  2__R2  And  (r  ert, 

ving  the  Equation  into  proportion , 
and  extracting  tbe  Roots  of  the  Terms) 

y  n*  K2  — R2  :  y/  fi—  K1 .  :V : 
the  fame  Proportion  as  before. 
E.  I. 

The  foregoing  Rules  may  eafiiy 
be  reduced  to  another  Form,  which 
perhaps  may  appear  fomewhat  more 
convenient  ftill  for  finding  the  An, 
gles  of  Incidence  and  Refra&ion 
by  Calculation.  For  putting  r  for 
the  Radius,  S  for  the  Sine  of  the 
Angle  of  Incidence,  ^  for  its  Co- 
fine,  and  x  for  the  Sine  of  the  An¬ 
gle  of  RefraChon.  Since  in  the  firft 

Rajnbow.  3R 2  ;  1 2  _ r2  .  .  r2  . 

S  *•  It  will  be  3Rj  :  4R2 _ 

‘‘ 5  r2  :  r 2  .  Wherefore 

£  ^ _  V  4~R*  — l2-  And  becaufe 

R  3 

S  s  i : :  I :  R  s  it  will  be  s  =  L. 

I 


y  4-R2  —  1J«  Solikewife  it  will 
3 

be  found  in  the  fecond  Rain-bow  that 

r  .  — -  r 

S  — _ V  9  K 1  —  ^  .  ,  — -  _ 

R  8  I 

y  qk2  _ZTiT  And  *n  third  S 
8 

r  7 - .  r 

—  — V  JoR*  — I2,  s  ~  , 

R  15  I 

y  16R2  — Z~7T.  And  fo  of  the  reft. 

I  *5 

Corol.  2. 

The  Tangent  of  the  Angle  of  In¬ 
cidence  of  an  effective  Ray,  is  to  the 
Tangent  of  the  Angle  of  Refra&ion  | 
as  k  to  1.  It  follows  from  what  goes 
before,  and  from  the  Corollary  of 
the  Lemma. 

Prob.  ][. 

The  Ratio  of  RefraCHon  being  gi¬ 
ven,  and  any  Angle  of  Incidence 
whatfoever  :  To  find  the  Angle, 
which  a  Ray  of  Light,  coming  out 
of  a  refracting  Sphere  after  a  given 
Number  of  Reflexions,  makes  with 
the  Axis  of  Vifionsor  incident  Ray  j 
and  fa  to  find  the  Diameter  of  the 
Rain-bow. 

The  Angle  of  Incidence  being  gi- 
ven,  and  the  Ratio  cf  Refraction, 
the  Angle  of  RefraCtion  is  given. 
Let  this  Angle  be  multiplied  by 
twice  the  Number  of  Reflexions,  in- 
creafed  by  the  Number  two,  and  from 
the  Prcdua,  let  twice  the  Angle  of 
Incidence  be  taken  j  the  remaining 
Angle  is  the  Angle  fought,  Q  E.  J, 

Demonjl. 

Let  CIZE  be  a  great 
Circle  of  a  Sphere  ;  in  Tab.  XIX. 
the  Plane  of  which  let  Fig.  5. 

RI  be  an  incidentRay, 
which  after  two  RefraCticns  in  the 
Points  of  the  Circumference  I  and 
E,  and  one  Reflexion  between  them 
inZ,  comes  out  in  the  Line  EM* 
Let  EM  be  produced,  till  it  meets 
the  incident  Ray  RJ,  produced  aifo. 


Chap,  17.  ^/Natural  Philosophy, 

from  the  higheft,  and  that  which  comes  from  the  lowed: 
Part  of  the  Sun.  Now  the  Sun’s  apparent  Semidiameter 

being 


in  X  ;  and  from  the  Center  C,  let 
the  Semidiameters  Cl,  CZ  be  drawn. 
Bee  a  ufe  the  Angles  CZI,  CZE,  and 
alfo  the  Angles  ZIX,  ZEX,  are 
equal ;  CZ  produced  will  pafs  through 
X  and  bifeCl  the  Angle  1XE.  The 
Difference  of  the  Angles  CZI, ZIX, 
is  alfo  equal  to  IXZ.  But  CZ1  or 
CIZ  is  the  Angle  of  Refra&ion,  and 
Z1X  is  the  Difference  betwixt  that 
Angle  and  the  Angle  of  Incidence 
CIXj  Therefore  IXZ  is  the  Diffe¬ 
rence  betwixt  twice  the  Angle  of  Re¬ 
fraction  and  the  Angle  of  Incidence. 
Confequently  ,  the  whole  Angle 
JXE,  19  the  Difference  betwixt  four 
Times  the  Angle  of  Refra&ion, 
and  twice  the  Angle  of  Incidence. 
^  E'  D‘ 

Now  let  the  Ray  RI,  after  two 
Reflexions  in  Z  and  E,  come  out  in 
the  Line  e  R,  meeting  RL  and  XE 
(the  firft  being  refra&ed)  in  R  and 
M,  e  EX,  the  external  Angle  of  the 
Triangle  e  EM,  is  equal  to  the  two 
Angles,  E«M,  eME  j  and  becaufe 
the  Refractions  in  e  and  E  are  equal 
the  Angles,  E<?M,  ZEX,  are  equal ; 
therefore  the  Angles  eEZ,  eME  are 
equal ;  But  it  is  evident,  that  the 
Angle  of  Reflexion  «E Z  or  EM<,  is 
double  the  Angle  of  Refraction: 


And  it  has  been  demopftrated,  that 
MXR  is  the  Difference  betwixt  four 
Times  the  Angle  of  RefraCtion  and 
twice  the  Angle  of  Incidence :  There¬ 
fore  the  Sum  of  the  Angles  EMe  or 
XMR  and  MXR  }  thatis,  the  exter¬ 
nal  Angle  of  the  Triangle  MXR, 
is  the  Difference  betwixt  flx  times 
the  4  ogle  of  Refraction,  and  twice 
the  Angle  of  Incidence.  ^  E.  D. 

The  fame  Method  muff  be  pro¬ 
ceeded  in,  if  there  be  three  or  more 
Reflections.  But  becaufe  fiich  Cafes 
belong  to  the  third  and  fourth,  & c. 
Rain- bow  j  which  are  hardly  ever 
feen  in  the  Heavens,  becaufe  the 
Rays  of  the  Sun  become  fo  much 
thinner  by  every  Reflexion  j  and  be¬ 
caufe  they  are  very  eafy  j  1  fhall  not 
ftay  todemonftrate  them. 

Suppofing  therefore,  that  the  Ratio 
of  RefraCtion  out  of  Air  into  Wa¬ 
ter,  is  what  .the  famous  Sir  Ifaac 
Newton  obferved  j  (  See  bis  Qpticki, 
f>.  ur,)  vix,  asJoS  to  81,  in  the 
red  Rays  ;  and  109  to  81,  in  the 
blue  j  then  by  Calculation  according 
to  the  foregoing  Rules,  the  Diftan- 
ces  of  the  Colours  from  the  Axis  off 
Vifion  (which  is  confirmed  by  Ob- 
fervat  ion  )  will  be  found  to  be  in 
Rain-bow. 


If  the  Spectator  be  turned  from 
the  Sun. 


If  the  Spectator  b,e  turned  toward, a 
the  Sun« 


Hence  the  Breadths  of  the  Rain¬ 
bows,  and  their  Diftances  from  each 
Other,  may  eafily  be  collected  ;  fup- 
pofing  the  Sun  to  be  only  a  Point. 
But  becaufe  the  Diameter  is  about 
30%  fo  much  muff  be  added  to  the 
Breadth  of  every  one  of  the  Rain¬ 
bows  j  and  fo  much  muff  be  taken 


from  their  Diftances  fi-om  each  other, 
that  their  true  Breadths  and  Diftances 
from  each  other  may  be  had.  1 5'» 
muff  alfo  be  added  to  the  Diftance  of 
the  outermoft  Circle  of  Colours,  from 
the  Axis  of  Vifion,  which  paffesthro* 
the  Sun’s  Center  ;  and  as  much  muff 
be  taken  from  the  Diftance  of  the 
P  4  inner- 
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being  about  fixteen  Minutes,  it  follows  that  the  effe&ive 
Ray  which  comes  from  the  higheft  Part  of  the  Sun.  will 

fall 


innermoft  Circle,  in  order  to  have 
the  true  Diftances  of  thofe  Circles 
from  the  Axis  of  Vition. 

Prob.  III. 

In  the  firft  Rain -bow  ^  the  Ang’e, 
which  an  effective  Ray  of  any  Kind, 
makes  with  the  Axis  of  Vifion,  be¬ 
ing  givpn  j  to  find  the  Ratio  of  its 
Refradtion. 

Let  the  Angle  of  In  - 
Tab.  XIX.  cidebce  be  got :  For 
Fig.  6.  that  being  found,  the 
Angle  of  Refradtion, 
and  consequently  ,  the  Ratio  of 
Refradtion,  will  be  given,  by  [Prob. 
11.  or  Corol.  2.  Prob,  I.)  Let  ABC, 
be  the  Angle  of  Incidence  ,  and, 
any  given  Line  C  A  being  taken  for 
Radius,  let  AB  be  the  Tangent  of 
that  Angle  $  which  being  bifejfted 
in  D  and  CD  being  idrawn,  ACD 
will  be  the  Angle  of  Refradlicn, 
{by  Cor.  2.  Prob.  I)  Let  AE  be  the 
Tangent  of  double  this  Angle  ;  and 
having  drawn  CE,  J:he  Angle  BCE 
(by  Ptob.  II.  )  will  be  half  a  given 
Ang'e,  and  confequently  will  it  felf 
be  given,  Suppofe  then  AE=  S  • 
BA=T  ;  and  therefore  AD=  IT: 

'■>  j  ^ 

AC=rj  the  Tangent  of  the  given 
Angle  BCE  =  r  $  And  becaufe  the 
Line  CD  bife&s  the  Angle  ACE 
{by  Conjlru&ion)  it  will  be  ( by  Prop. 
3.  Book  VI.  of  Eucl.)  AC  :  C  E, 
f  V/ AC q  -f-  A £?)  : :  A  D  :  D  E. 
Wherefore  DE  =  T  y/SS  rr. 

_  2  r 

And  T  \/ S. —  rr —  - T—  S — 


2  r 

X  And  again,  T  y/SS  -j-  rr  = 
2  Sr— Tr.  Then  [by  Jquaring  the 
Parti  and  ReduElion}  it  will  be  S= 

4  T  rr 
***  "  '  1  1 

4  rr —  T  T 

Now  in  older  to  find  out  T}  let 
BF  be  let  fall  from  the  Point  B  per¬ 
pendicular  to  CE ;  Then,  it  will 
be,  as  the  Secant  of  the  given  Angle 
BCE,  is  to  the  Tangent  of  the  fame, 

fijft  a5  \/  r  r  -f-  te  to  t  ;  fo  iS 

CB  (/  IT  +  „;)  to  B  F  =  ' 


TT+rr 

- .  Again,  ( becaufe  the 

r  r  -j-  t  t 
7rianglts  EBF,ECA  are fimilar)  EC, 

(y/SS-f-zr)  :  CA,  ( r )  :  :  EB» 

Sr  — Tr 

(S— T) :  BF= - -  Where- 

y'  SS-j-rr 

TT-frr  Sr— Tr 

fore  t  - - - -  =  - - j 

Then  (by  Jquaring  the  Parti  ) 
TT  tt  -j-  rrtt  SS  rr — aSTrr-f- 

r  *  4“  1 1  SS  -j-  r  r 

XT  r  r.  And  (  by  multiplying  tbe 

Numerators  by  each  other' s  Denomina¬ 
tors ,  Jinking  out  the  equivalent  lermt 
and  by  iranjpojition )  SSr4 — aSTr4 
-fTTr4=  SSTT  «-|-2STrrtf  4- 
r4  tt.  And  [by  extra&ing  the  Root 1) 
$rr  ——  T rr  =  STf  rrt.  New  the 

Value  of  S,  before  found,  being  fub- 
fiitutedin  its  Room,  and  the  whole 
r  r 

divided  by  - - the  Equation 

4rr  —  TT 

will  become  T  3  —  jTTf  -|“4  rrt, 
or  X3  —  3X2  t  —  4rrr  =  0.  Now 
by  refolving  this  Equation  T  will  be 
found,  and  confequently,  the  Ratio 
of  RefradHon  will  be  found  from 
what  goes  before.  ^  E.  I. 

Now  in  Order  to  refolve  this  E- 
quation,  let  V  ~^~t  be  put  f or  T, 
ant}  then  it  will  be  changed  into  this 
Form  V  3  —  3y« — 2t  3 — 4 rrf—o. 
Wh:ch  being  reduced  by  the  Rule, 
which  you  have  briefly  demonftra- 
ted  in  pag.  27  j.  of  the  famous  Sir 
IJaac  New  ton's  Algebra  ;  and,  fnp- 
poflng  r=  jj  and  the  Secant  of  the 
given  Angle  3/  rr  t7—s.  it  will 
at  laft  come  out  V=3  \Z^J^-zrr f. 

2  tl  •+■ 3  V  —  2 77T  Or  V= 

3  V  /  3  -f  a  t  -J-  2  /  r  4, 

tt 

* . . •  If  therefore 

3  ^  <  3  p-  2r  — j—  zes 

t  to  be  added  to  this,  the  Sum  will  be 
=  T  fought.  Further,  it  will  eafiJy 
appear,  that  the  Sines  of  the  An- 
gUs  of  Incidence  and  Refradtion, 

aic 
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fell  upon  the  Drop  of  Water  fixteen  Minutes  higher  than  T.ab 
EF,  as  you  fee  (  in  the  fecond  Figure  relating  to  the  Flgt 

Rain-bow  ) 


arey/ T*  -j-  I  and  y''  T  T  ,  4 
and  therefore  the  Ratio  of  Refradlion 
is  as  y/ T  2  -{-4  to  y/T2  -f-F. 

But  T  may  alfo  be  determined  by 
the  following  Conftrudtion.  (  But 
It  is  fuppofed  that  a  freight  Line  of  a 
given  Length,  may  be  fo  placed  be¬ 
tween  two  other  llreight  Lines  gir 
yen  in  Pofition,  that  when  it  is  pro¬ 
duced,  it  may  pafs  through  a  given 
Point.  See  Newt.  4 llgcbr .  pag. 
*7 9 >  &c. 

Tab.  XXVII.  -  ,Letk  a"y  height 
Line  be  drawn,  and 

in  it  take  CA— yr,  and  CB  =  3  t, 
and  let  BA  be  bifedfed  in  D  5  having 
defcribed  an  Arch  of  a  Circle  on  the 
Center  C  with  the  Radius  CD,  let 
D  R  =  r  be  infcribed  in  it  ;  and 
let  AR  be  joined ;  Having  infcribed 
the  ftreight  Line  da— DA  between 
DR  and  AR  produced  in  fuch  a  Man¬ 
ner  as  to  pafs  through  the  Point  C 
when  produced,  aC  will  be  =  T. 

For,  let  CG  be  drawn  parallel  to 
DR,  and  meet  AR,  produced  in 
G  ;  Then  ( becaufe  tbe  Triangles 
GCA,  RDA  are  Jimilar  )  as  GC 
is  to  CA  $  fo  is  RD  to  DA. 
And  again  ( becaufe  tbe  Triangles 
GCtf  ad  R  are  Jimilar )  as  GC  is  to 
Ca,  fo  is  d  R  to  da  or  D  A  .  Hence 
CA  is  to  d  R,  as  Ca  to  DR.  And 
(by  Coir  pofition  )  Ca  -J-  CA  is  to 

^  asCA  to  </R  j  but 

Art. 

dR— - 

-  T 


Further  CD^- — G/y=</D  x  </R  (by 
Prop.  13.  Book  11.  of  Eu cl.)  whence 

it  follows  that  ^  cf-j-CA  f  *s  to 

d D,  as  dR  is  to  C d — CD.  But  CA 
— j-Ca,  is  to  d D,  as  CA  is  to  <^R. 
Wherefore  as  C  A  is  to  dR  fo  is  dR  to 
5  Cd — CD  i 
i  Ca - CB  S  ' 

Now  if  for  CA,  dR,  Ca,  CB, 
be  fubflituted  their  Values  j  vix-  4 f, 
4  r  t 

* - T,  3  t :  And  the  extreme  and 

T 

middle  Terms  be  multiplied  by  each 

ether,  aad  then  reduced  j  the  fame 


Equation  will  come  out  as  before, 
T3  —  3T2  t — 4  rrt  —  o*  If  there¬ 
fore  DR  be  Radius,  Ca  will  be  the 
Tangent  of  the  Angle  of  Incidence. 

^  t-  7- 

Coroll. 

Hence  we  have  a  Method  of  mea* 
furing  the  Refractions  of  Liquors  or 
of  any  other  tranfparent  Bodies 
whatfoever ;  vix.  by  expofing  a 
Sphere^  of  any  Sort  of  tranfparent 
Matter  to  the  Sun,  and  taking  by 
Obfervation  the  Angles  which  the 
effective  Rays  of  the  firft  Rain-bow, 
make  with  the  Axis  of  Vi/ion, 
when  they  come  out  of  it. 

It  may  be  obferved  here  ;  that  if 
the  Angle,  which  an  eftediive  Ray  of 
a  given  Kind,  in  any  Rain-bow, 
ma  kes  with  the  Axis  of  Vifion,  be 
given  ;  the  Ratio  of  the  Refraftion 
of  that  Ray  may  be  found  pretty 
much  in  the  fame  Manner  as  before. 
For,  the  Conftrudtion  being  the 
fame  as  then  j  fuppofe  BCA  to  be  the 
Angle  of  Incidence  cf 
the  effective  Ray  of  any  Tab.  XIX. 
Rain-bow  propofed  j  Fig.  6. 
and  the  Angle  EC  A,  a 
Multiple  of  the  Angle  of  Refraftiom 
of  the  fame  Ray,  according  to  the 
Number  cf  Reflexions,  increafed  by 
Unity  $  then  will  ECB,  be  half  a  gi¬ 
ven  Angle,  or  half  its  Supplement 
(by  Prcb.  II.)  Whence  ;  if  CA  be 
called  r  ;  AB,  T ;  AE,  S  *,  the  Tan¬ 
gent  of  the  Angle  ECB,  f,  as  before; 
it  is  evident,  that  the  fame  Equati¬ 
on  will  always  arife  S  rr*—  Ttrs 
ST  t  -j-  r  r  t  j  and  that  nothing  elfe 
remains,  but  as  in  the  foregoing  Pro¬ 
blem,  to  find  the  Value  of  S,  and  to 
put  it  in  its  Room,  in  that  Equation. 
Take  an  Example  hereof  in  the  fe¬ 
cond  Rain- bow.  Suppofe  BA  to  be 
to  D  A  ;  as  the  Number  of  Reflexions 
increafed  by  Unity,  is  to  Unity  ; 
then  DCA  will  always  be  the  Angle 
of  Refradtion  (by  Cor.  z.  Proh.  1.  ) 
and  in  the  fame  Rain-bow  DA=J, 

\i 

T,  and  the  Angle  ECD  double  the 
Angle  DCA.  In  DA  produced,  let 
Ad  be  taken  equal  to  AD.  Then  will 
DC<Z=:DCE  $  And  then  (by  Prop ■  3. 
and  zz.  Book  VI.  of  Euclid)  EC*  j 
C di  (=  CDf ) ;  ;  ED*  s  D d*  (  — 

4  PAy) 
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Rain-bow)  the  Ray  GH  does,  which  being  equally  re- 
framed  as  the  Ray  EF,  is  turned  to  I,  and  from  thence 

to 


4DA?)  Whence,  EC?  —  CD?  : 
ED?— 4 DA?  :  :  CD?  :  4DA?.  Al- 
fo,  EC?  =:  ED?-|-DC?-f- zDE  x 
DA  j  And  CD?  =  CA?  +  AD?  ; 
Which  being  fubftituted  for  EG?, 
CD?;  it  will  be,  ED?  -j-  2 ED 
X  DA  (  =ED  x  2.D A  X  ED  :) 
ED?  —  4DA?  (rs  ED  2 DA  x 
jfcb — -z uA)  :  :  ED  :  ED— 2DA  :  : 
CA?  -f-  AD?  :  4AD?*  And  there¬ 
fore  ED  :  2DA  :  :  CA?  -f*  AD?  : 
CA?  —  3AD?,  or  ED  :  Da  :  : 
2CA?-f-2AD?:  CA?« — 3AD?  ;And 
t fifty,  ED+DA  (=EA)  :  DA  :  : 
3CA?  —  AD?  :  CA?  — «  3 AD? 
Whence  it  is  evident  that  EA  rzz 
3CA?  X  DA  —  DAc 

a— . . Now  let  S, 

CA?  —  3  AD? 

r,  and  ~  T,  be  put  for  EA,  CA  and 
DA  refpeftively,  and  it  will  be  S;=s 
ri  T— 

■  — — — — ;  and  putting  this Va- 
r  «.-IT1 

rt  ?  i 

lue  ofS  for  S  in  the  Equation  Srr— . 
Trr— ST^ — rrf—  0,  it  will  become 
8  rr 

T4  -J - T*~  i8rrTa  —  27»*  4. 

t 

rr 

s s  o,  or  (putting  J  for  — ,  that  is, 

t 

the  Tangent  of  the  Complement  of 
the  Angle  ECB)  T4  -f-8JTi  _ 

l8rrT*  —  27r4 -j;.  o,  * 

The  Problem  being 
Tab.  XXVIL  thus  refolved,  it  may 
fig.  Z>  be  conftrufted  in  the 

following  Manner  by 
Means  of  any  Parabola.  Let  MAC 
be  a  Parabola,  its  Vertex  C,  the  AX- 
isCDFK,  the  Parameter  of  the  A  xis 
KC  ;  and  taking  a  third  Part  of  this 
for  the  Radius  of  a  Circle,  let  J  be 
the  Tangent  of  the  Comp  ement  of 
the  given  Angle  ECB.  Let  AD  — 
»J  be  an  Ordinate  to  the  Axis,  and 
let  OF  be  taken  equal  to  ^  C ;  FK— 
aCF,  and  from  the  Point  K  let  KH 
be  ere&ed  perpendicular  to  the  Ax  - 
is,  and  meet  the  ftreight  Line  drawn 
through  A  and  F,  in  H.  Then 
having  deferibed  a  Circle  on  the 
Center  H  with  a  R?dius  equal  to 

V  and  having  let 


fall  from  the  Point  M,  where  it  meets 
with  the  Parabola  the  Line  MQ, 
perpendicular  to  AQ^  drawn  from 
the  Point  A  parallel  to  the  Axis  ; 
Then  MQ^will  be  the  Tangent  or 
the  Angle  fought  to  the  Radius  equal 
to  CR» 

For  let  HR.  meet  the  ftreight 
Line  A.Q^in  I,  and  the  ftreight  Line 
ML,  parallel  to  the  Axis  in  L  ;  let 
MQ  meet  the  Axis  in  P  alfo.  Now 
ftnee  {by  Conjlrublian )  ~  CR?  =2 

HM? — HA?  j  and  HM?=^^ 

-J-LH?;  and  PK?  (=DK.cn  DP$) 
=  DR?— 2DKx  DP+DP?  5  and 

lh?(=mq£+ih|  ’)=mq* 

-f-zMQ  X  iH-f-lH?;  and  HA? 

“DE?  \  !  lt  wiU  bC>  t 

CR?=  DP?  —  zDP  x  DK+  MQ? 
-j-iMQ^x  IH. 

Further,  (from  the  Nature  of  the 
Parabola)  as  AD?  :  MP? — AD? 

(==  MQ^?  -f-  zMQ^  x 

::CD(=^f):  DP.  Whence  DP 
CR 

MQ?  -j-  aMQ^x  AD 

- - - - ,  Alfp  DK 

'  CR  J 

M*cd+j,cr)  —  ^?_£?4-|cr; 

CR 

And  (becaufe  the  Pri  angles  FDA, 

4ADC 

AIH  are  fimilar )  IH—  ■  ...  -fr. 

CR? 

3 DA,  Let  thefe  Values  be  fubfti¬ 
tuted  in  the  foregoing  Equation  for 
Dlj*,  IH,  and  it  will  produc? 

j  pr* MQ^??  -f-  4 AD  x  MQ£ 

5  *  — 

- — 2MQ?.  Or  MQ??-|-4AD  x  MQ^ 
— zCR?  x  MQ?  —  4  CR??=  o. 
And  lafty,'  putting  MQ==T,  AD— 

2 J,  CR  =3 r  ;  It  will  be  T4  -|~ 
8JTJ  — !.  18 rJ  T*  — .  ==  o. 

Whence  it  is  evident  that  MQ^is 
the  Tangent  of  the  A  ngle  fought  to 
the  Radius  —  CR. 

If 
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to  L5  in  order  to  go  at  laft  to  M,  where  it  undergoes  an 
equal  Refradlion  with  the  Ray  NP,  and  makes  with  the 
Line  ON,  the  Angle  ONM  which  contains  forty  one 
Degrees ,  and  fourteen  Minutes.  So  likewife,  the  effec¬ 
tive  Ray  QR,  which  comes  from  the  lower  Part  of  the 
Sun,  falls  upon  the  Point  R,  which  is  fixteen  Minutes 
lower  than  the  Point  F  of  the  Ray  EF,  whence  it  is  re¬ 
fracted  to  S,  and  from  thence  reflected  to  T,  where  go¬ 
ing  out  into  the  Air,  it  comes  at  laft  to  the  Place  V,  fo 
that  the  Line  TV  makes  an  Angle  of  forty  one  Degrees 
and  forty  fix  Minutes  with  the  Ray  OT, 

7.  In  computing  the  Bendings  of  fuch  Sort  of  Rays  7«  Oj  thru 
as  2  3  (in  the  firft  Figure)  which  we  fuppofe  to  come 
from  the  Center  of  the  Sun  to  the  lower  Part  of  the  jLj?*  W 
Drop,  and  after  two  Refra&ions  and  two  Reflexions,  to  Ts»b.  XVI« 
tend  towards  the  Eye  in  fuch  Lines  as  67;  we  find  that  F,g‘ 
that  which  we  call  effeCtive,  and  is  reprefented  by  the 


If  the  Roots  of  this  Equation  be 
defired  in  Numbers,  let  the  Nume¬ 
ral  Tangent  of  the  Complement  of 
the  Angle  ECB  in  the  Tables,  be 
fubftituted  for  J,  and  the  numeral 
Radius  in  the  Tables  for  r  j  And  then 
a  numeral  Equation  will  be  given, 
which  may  be  refolved  by  the  com¬ 
mon  Rules. 

For  Inftance,  the  Angle  which  the 
blue  Rays  make  with  the  Axis  of 
Vifion  in  the  fecond  Rain -bow,  is 
540.  9  .  26".  Half  of  this,  •viz. 
27®.  4*.  48  '  is  the  Complement  of 
Angle  ECB.  And  the  Tangent  be- 
rr 

longing  to  it,  ( — ==  J  )  .5112854, 

t 

fuppofing  the  Radius  (r)  t.  Thefe 
then  being  fubftituted  in  the  forego¬ 
ing  Equation,  for  J  and  r  $  there  will 
arife  the  numeral  Equation  T4  -f-4. 
0902832  T5  —  18  T* —  27=0. 
By  refolving  of  which,  T  or  the 
Tangent  of  the  Angle  of  Incidence, 
will  be  found  to  be  2*97759815 
And  the  3d  Part  of  this  0.9925327 
is  the  Tangent  of  the  Angle  of  Re- 
fraction  $  and  the  correfpondent  Sines 
of  thefe,  will  give  the  Ratio  of  Re¬ 
fraction  of  the  blue  Rays  ;  Now  thefe 
Sines  are  to  each  other,  and  confe- 
quentiy  the  Ratio  of  RefraCtion,  as 

V  Ti  Hh  9  to  j  that 

is,  as 42268  to  31410,  eras  109  to 

9 1  very  nearly. 


The  aforefaid  Eqaation  has  alfo  a 
negative  Root,  v/’z:.— 6.81622765  ; 
from  whence  it  may  be  gathered, 
that  the  Ratio  of  RefraCtion  is  very 
nearly  as  347  to  321.  For  there 
are  two  Cafes  of  RefraCtion,  in 
which  the  effective  blue  Rays  of  the 
fecond  Rainbow,  make  the  fame 
Angle  (54®.  9'-.  i)  with  the  Axis 
of  Vifion  j  or  when  the  Ratio  of 
RefraCtion  is  as  109  to  81  $  as  ia 
Rain  Water,  in  which  Cafe  the 
Tangent  of  the  Angle  of  Incidence 
will  be  2.9775981  j  or  as  347  to 
321,  and  then  the  Tangent  of  the 
Angle  of  Incidence  will  be  6. 
8162765.  And  as  to  this  latter 
Cafe  j  if  the  Excefs  of  the  Sines  of 
Incidence  of  different  Sorts  of  Rays, 
above  the  common  Sine  of  Refrac¬ 
tion,  be  fuppofed  to  be  always  in  a 
given  Ratio  ;  Since  the  Ratio  of  Re¬ 
fraCtion  of  the  blue  Rays,  is  as  347 
to  321,  that  of  the  red  Rays  in  the 
fame  Medium,  will  be  nearly  as  346 
to  321.  Whence  it  will  appear  by 
Calculation  according  to  the  forego¬ 
ing  Rules,  tftat  in  fuch  a  Medium, 
the  red  Colour  will  be  outermoft, 
and  make  an  Angle  of  about  56*. 

gr.  j  with  the  Axis  of  Vifion,  and 
the  blue  within,  in  the  fame  order 
as  the  Colours  of  the  firft  Rain¬ 
bow. 


Line 
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Line  6  7,  (in  the  third  Figure)  makes  with  the  Line  8  6, 
which  comes  from  the  Center  of  the  Sun,  the  Angle  867 
of  about  fifty  two  Degrees.  Whence  it  follows,  that  the 
efte&ive  Ray  which  comes  from  the  higheft  Part  of  the 
Sun’s  Body,  makes  with  the  fame  Line  8  6  an  Angle  of 
fixteen  Minutes  lefs,  and  that  which  comes  from  the  low  - 
eft  Part  of  the  Sun’s  Body,  an  Angle  of  fixteen  Minutes 
more.  Thus  ABCDEF  being  the  Courfe  which  an  ef¬ 
fective  Ray  takes,  in  coming  from  the  upper  Part  of  the 
Sun,  in  order  to  get  to  F,  where  we  fuppofe  the  Eye 
to  be  placed,  the  Angle  86F  is  about  fifty  one  Degrees , 
and  forty  four  Minutes.  So  likewife  GHIKLM  being 
the  Courfe  which  an  effective  Ray  takes  in  coming  from 
the  lower  Part  of  the  Sun,  the  Angle  86  M  is  very  nearly 
fifty  two  Degrees ,  and  fixteen  Minutes . 

8.  Becaufe  we  own  that  there  are  a  great  many  other 
Rays  which  are  effective,  befides  that  which  comes  from 
the  Sun’s  Center ;  therefore  there  muft  be  fome  Altera- 
tion  made  in  what  wp  laid  above  concerning  the  Shadow  : 
For  of  three  Rays  drawn  in  the  fecond  and  third 
Figures,  the  two  extreme  ones  only  have  a  Shadow  ad¬ 
joining  to  them?  the  middle  one  has  none  at  all.  Whence 
it  is  manifeft,  that  thefe  Rays  have  all  the  Conditions  pro¬ 
per  to  raife  the  Senfation  of  Colours  like  thofe  feen  by 
Means  of  aT riangular  Glafs  Prifm ,  which  we  explained  in 
the  firft  Part  of  this  T reatife.  ( 1 )  And  we  are  fure  in  par- 
Tdb.  XV.  ticular,  that  the  Ray  TV  (in  the  fecond  Figure)  ought 
i-3g.  8.  to  appear  red,  becaufe  it  is  refracted  towards  the  Side  op- 
pofite  to  the  Shadow ;  that  the  Ray  LM  (in  the  fame 
Figure)  ought  to  appear  blue,  becaufe  the  Refraction  is 


*.  Of  the 
three  Prin¬ 
cipal  Colours 
which  we  fee 
en  the  Drops 
tf  Ram. 


(1)  And  we  an  Jurf  in  particular , 
Zee.)  The  preps  of  Water  are  here 
juftly  compared  with  the  Prifm,  and 
the  Account  of  the  Shadow  is  right. 
But  the  fiatural  Caule  of  thefe  Co¬ 
lours,  which  the  Author  afligns,  is 
of  no  Moment,  becaufe  it  depends 
upon  Principles  which  are  not  true* 
We  may  rather  affert,  that  that  large 
Quantity  of  thick  Light,  or  that 
Bundle  of  Rays  collected  together  in 
a  particular  Point  of  the  Drop,  may 
be  looked  upon  as  a  lucid  Body  ter¬ 
minated  on  all  Sides  by  a  Shadow. 
Thefe  Rays  of  Light,  lent  to  the  Eye, 
are  different  from  one  another,  and 
are  fitted  to  excite  different  Colours  j 
and  they  are  differently  re'rafted  as 
they  cQjnc  out  into  the  At*,  though 


tfcey  have  all  the  fame  Incidence 
when  they  fall  upon  the  retracing 
Superficies*  Thefe  different  Rays 
therefore  muff  neceffarily  be  fepara- 
ted  from  each  other  by  Refra&ion, 
a*id  the  variety  Softs  of  them  muft  in 
great  Number's  tend  different  Ways  j 
and  confequently  thih  lucid  Point  of 
the  Drop  muft  appear  edged  With  Co¬ 
lours,  that  is  red,  green,1  and  blue 
Colours,  n\uftari!e  from  the  Extre¬ 
mities  of  the  red,  green,”  and  blue 
Images  of  the  Sun,  (which  are  paint¬ 
ed  upon  the  Eye  by  the  different  Drops 
one  above  another)  in  the  fame  man¬ 
ner  as  we  find  there  does  in  all  Bo¬ 
dies,  whether  bright  or  opake*  whe» 
looked  at  through  a  Prifm, 

made 
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made  by  approaching  towards  the  Shadow  ;  and  Laftly, 
the  Ray  NP  ought  to  appear  Yellow,  becaufe  there  is 
no  Shadow  at  all  on  either  Side  of  it.  So  likewife,  it  is 
eafy  to  fee,  that  for  the  fame  Reafon  the  Ray  EF  (in  the  Tab 
third  Figure)  ought  to  appear  red,  LM  blue,  and  6  7  Fig.  4. 
yellow  ;  fo  that  the  uppermoft  Ray  in  the  third  Figure, 
produces  the  fame  Effetft  as  the  lowermoft  Ray  in  the  fe- 
cond  Figure :  It  is  alfo  very  evident,  that  the  Rays  of 
the  fecond  Figure  ought  to  produce  more  vivid  Colours 
than  thofe  oF  the  third  Figure  ;  becaufe  the  firft  are 
weakened  only  three  Times  in  the  Places  where  they  are 
refrafted  and  reflected  ;  whereas  the  latter  are  weakned 
four  T imes  in  the  Places  where  their  Reflexions  and  Re- 
fnuflions  are  made. 

9.  What  we  have  now  faid  is  exa&ly  agreeable  to  Ex- 
perience.  For  having  filled  a  Glafs  Globe,  of  about  three  pr™f0f 
Inches  Diameter,  with  Water,  and  held  it  in  the  Sun  :  thefe 
when  my  Eye  was  in  the  Place  marked  V  (  in  the  fe-  xy 
cond  Figure)  I  always  faw  a  very  vivid  red  Colour  which  Fig.  8. 
Teemed  to  cover  all  the  Part  about  T  ;  and,  the  Eye  re¬ 
maining  in  the  fame  Place,  if  I  held  the  Globe  a  little 
lower ;  or  if  without  altering  the  Globe,  I  raifed  my 

Eye  a  little  higher  to  the  Place  marked  P,  I  faw  the 
Globe,  covered  as  it  were  with  a  vivid  Yellow,  all  about 
the  Point  N  ;  and  if  I  held  the  Globe  a  little  lower  ftill, 
or  raifed  my  Eye  a  little  higher,  fo  as  to  be  in  the  Place 
marked  M,  I  always  faw  the  Globe  covered  with  Green 
or  Blue,  about  the  Point  L.  So  likewife,  if  my  Eye  Tab  XVJ 
were  placed  in  F  (in  the  third  Figure)  I  faw  Red  in  the  Fig.  4. 
Place  E  ;  and  putting  my  Eye  in  the  Place  marked  7,  I 
faw  Yellow  in  that  marked  6  ;  and  laftly  placing  my  Eye 
in  M,  I  faw  Blue  or  Green  in  L.  And  which  is  worth 
obferving  here,  the  Colours  which  I  faw,  by  Means  of 
the  Rays  in  the  third  Figure,  were  lefs  vivid  than  thofe 
made  by  the  Rays  in  the  fecond  Figure  ;  for  thefe  were 
fometimes  fo  bright,  as  quite  to  dazzle  one’s  Eyes. 

10.  Nor  is  it  at  all  ftrange,  that  fome  Philofophers  IOt  jneafy 
who  could  not  make  this  Experiment  fucceed,  ha vz  Way  to  make 
doubted  of  the  Truth  of  it:  But  I  thought  of  a  very 

eafy  Way  of  doing  it,  and  that  is,  to  try  the  Experiment^ 
in  a  Place  where  fcarce  any  other  Rays  can  come  but 
only  fo  many  as  will  cover  over  the  whole  Globe,  and 
to  put  a  Sheet  of  white  Paper  in  the  Place  where  the 
Eye  ftiould  be  to  fee  the  Colours  :  For  then  we  fh  dl 


Tab.  XV. 
Fig.  8. 


I*.  Why 
thefe  three 
Colour »  art 
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fee  Red,  Yellow  and  Blue,  at  the  fame  Time,  painted 
Very  diftin£tly  upon  the  Paper. 

11 7 A~robf  11.  Further;  if  we  go  on  ftill  to  raife  or  deprefs  the 

Ray!  Eye,  fo  that  it  be  not  any  where  in  the  Space  VPIVl 
of  Light-  in  the  fecond  Figure,  or  F  7  M  in  the  third  Figure,  we 
(hall  fee  no  Colours  at  alh  And  there  is  no  Reafon  to 
fufpedl  that  the  Colours  which  we  faw  before,  were  cau- 
fed  by  other  Rays  than  thofe  mentioned  ;  for  if,  for 
Example,  the  Glafs  Ball  be  covered  almoft  all  over,  fo 
that  the  Rays  of  Light  have  no  Paflage  any  where  but 
at  the  Places  marked  F  and  N,  in  the  fecond  Figure,  we 
{hall  ftill  fee  them ;  whereas  we  {hall  fee  them  no  longer 
if  only  one  of  thefe  Places  be  covered  ;  or  if  any  opake 
Body  be  put  in  the  Hole  of  the  Glafs  Globe  where 
the  Water  is  poured  in  to  fill  it,  which  may  intercept  ei¬ 
ther  of  the  Rays  FK  or  KN;  though  all  the  reft  of  the 
Globe  be  free  and  uncovered  * 

12;  Befides  the  Difficulty  of  diftinguifhing  thefe  three 
Colours,  by  reafon  of  the  very  great  Vividnefs  of  the  Rays, 
rotfo  tajiiy  there  may  be  another,  if  we  make  ufe  of  a  very  fmall 
J?e n>  'ftbc  Globe,  and  efpecially  if  it  be  furrounded  with  very  bright 
Experiment  Objedfs :  For  thefe  Objects  {hake  fo  much  thofe  Parts 
be  made  of  the  Eye  upon  which  they  defcribe  their  Images,  by 
^Giobe  Impreffion  they  make,  which  extends  itfelf  a  little  all 

round;  that  the  effective  Rays  which  come  from  the 
fmall  Globe,  and  terminate  upon  the  fame  Capillaments 
of  the  optick  Nerve,  are  not  capable  of  making  fuch  an 
Impreffion  as  can  be  perceived.  But  this  Smallnefs  may 
be  compenfated  by  the  Number;  and  a  great  many  very 
fmall  Globes,  fuch  as  Drops  of  Rain  are,  fide-ways  and 
above  and  below  each  other,  may  make  the  Space  which 
they  poflefs,  feem  to  be  filled  with  thefe  three  Colours ; 
provided  the  Place  in  which  they  are,  be  fuch,  that  the 
effedlive  Rays  belonging  to  them  can  come  to  the  Spec¬ 
tator’s  Eye. 

13.  Now  in  order  to  find  out  where  this  Place  is,  let 
us  imagine  a  {freight  Line  coming  from  the  Center  of 
the  Sun,  and  palling  through  the  Eye  of  the  Spectator, 
Lured ;  and  whofe  Back  is  turned  towards  the  Sun  ;  to  be  continued 
bff,y:/Axit  on  to  the  Part  oppofite  to  the  Sun,  fuch  as  VX  in  the 
Tab!  xvi.  fec°nd  Figure  and  7  X  in  the  third  Figure.  This  Line  is 
Fig.  8.  that  which  fome  others  before  us,1  have  called  the  Axis 
Tab  XVI.  0jr  yijion 5  which  becaufe  it  comes  from  a  Point  fo  very 
diftant,  may  be  looked  upon  as  parallel  to  all  the  Lines 
which  come  from  the  fame  Point.  And  becaufe  a  right 
Line  falling  upon  two  parallel  Lines,  make  the  oppofite 

alternate 
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alternate  Angles  equal  ;  if  we  imagine  that  there  goes 
from  the  Eye  of  the  Spectator,  to  the  Part  oppofite  to 
the  Sun,  (where  we  fuppofe  it  to  rain  then)  an  indefinite 
Number  of  vifual  Rays ,  which  make  three  Sorts  of  An¬ 
gles  with  the  Axis  of  Vifion,  viz.  of  forty  one  Degrees 
and  forty  fix  Minutes ;  forty  one  Degrees  and  thirty  Mi 
nutes  ;  and  forty  one  Degrees  and  fourteen  Minutes ;  and 
that  thefe  Rays  meet  the  Drops  of  Rain  which  the  Sun 
fhines  upon  ;  we  fhall  eafily  apprehend,  that  thefe  vifual 
Rays  make  Angles  of  the  fame  Bignefs,  with  Lines  drawn 
from  the  Center  of  the  Sun  to  thefe  Drops  ;  and  confe- 
tjuently  that  thefe  Rays  are  the  fame  as  the  effective  Rays 
which  caufe  the  Senfation  of  Colour :  Thus  in  particular, 
we  are  fure,  that  the  vifual  Rays  which  make  Angles  of 
forty  one  Degrees  and  forty  fix  Minutes  with  the  Axis  of 
Vifion ,  are  the  very  fame  as  the  effective  Rays  of  Light, 
which  caufe  the  red  Colour,  as  VT  in  the  fecond  Figure  ;  Tab.  XV. 
thole  which  make  Angles  of  forty  one  Degrees  and  thirty  Fi§-  8* 
Minutes ,  are  the  fame  as  the  effective  Rays  which  caufe  a 
Yellow,  as  PN  in  the  fame  Figure ;  And  laftly,  thofe 
which  make  Angles  of  forty  one  Degrees  and  fourteen 
Minutes  are  the  fame  as  the  effective  Rays  which  caufe 
Blue  or  Green,  as  ML.  So  that  all  that  Part  of  the  Air 
where  thefe  Drops  are,  and  where  thefe  vifual  Rays  ter¬ 
minate,  ought  to  appear  tin&ured  with  thefe  three  Colours. 

14.  Further  ;  it  is  evident,  that  if  the  Eye  be  placed  in  T4>  rbdt 
the  Vertex  of  a  Cone,  in  order  to  fee  the  different  Objects  the  Drops 
which  are  upon  the  conick  Superficies,  without  having;  ™°'cb  afi"  . 

t  r  7  o  peat  colour e& 

any  Regard  to  their  Diftance ;  thefe  Objedfs  muft  feem  are  difpofed 
to  be  in  the  Circumference  of  a  Circle.  Now  the  Eye  in  a  Circle* 
of  our  Spectator  is  in  the  common  Vertex  of  three  Cones  ffjffpfi tb* 
formed  by  the  vifual  Rays ,  which  make  thofe  three  Sorts  Ram 
fc>f  Angles  before-mentioned,  with  the  Axis  of  Vifion : 

And  the  Drops  of  Rain  which  appeared,  are  in  the  Su¬ 
perficies  of  that  Cone,  whofe  Angle  at  the  Vertex  is  big- 
geft,  and  which  is  the  external  one  of  the  three*  Thofe 
which  appear  yellow,  are  in  the  Superficies  of  that  Cone, 
whofe  Angle  at  the  Vertex  is  a  little  lefs :  And  Thofe 
which  appear  blue  or  green,  are  in  the  Superficies  of  the 
third  Cone,  which  is  within  the  other  two :  All  thefe 
Drops  therefore  ought  to  appear  like  three  Girdles  difpo¬ 
fed  in  a  Circle,  the  one  red,  the  other  yellow,  and  the  laft 
green  :  And  becaufe  the  vifual  Rays  which  corrie  from 
the  Eye  of  the  Spectator,  make  with  the  Axis  of  Vifion , 

Angles  a  little  bigger  than  forty  one  Degrees 3  and  forty  fix 

Minutes  * 
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Minutes  ;  or  a  little  lefs  than  forty  one  Degrees  and  four¬ 
teen  Minutes ;  they  make  alfo  greater  or  lefs  Angles  with 
the  Lines  drawn  from  the  Center  of  the  Sun  to  the 
Drops  of  Rain  at  their  '  Ihterfe&ion ;  whence  it  follows j 
that  thofe  vifual  Rays  are  the  fame  with  fome  of  thofe 
which  we  before  called  ineffectual,  or  incapable  of  raifing 
the  Senfation  of  any  Colour.  So  that  thefe  three  Girdles 
which  are  red,  yellow  and  green,  being  clofe  to  each 
other,  and  no  coloured  Obje&s  befides  near  them,  they 
muft  form  the  firft  and  principal  of  the  two  Rain-bows 
that  are  often  feem 

15.  It  is  to  be  obferved  ;  that  when  I  juft  now  de¬ 
termined  the  Drops  of  Water  that  ought  to  appear  co¬ 
loured,  I  excluded  thofe  which  meet  with  the  vifual  Rays 
which  are  fuppofed  to  come  from  the  Eye  of  the  Specta¬ 
tor,  and  to  make  with  the  Axis  of  Vifion ,  Angles  bigger 
than  forty  one  Degrees  and  forty  fix  Minutes :  But  I  did 
not  mean  to  exclude  thofe  Drops,  which  other  vifual 
Rays  meet  with,  and  make  Angles  confiderably  bigger. 
For  it  is  certain,  that  if  we  fuppofe  an  indefinite  Number 
of  thefe  Rays  to  come  from  the  Spectator’s  Eye,  and  to 
make  with  the  Axis  of  Vifion  Angles  of  about  fifty  one 
Degrees  and  forty  four  Minutes  ;  and  other  Angles  of  a- 
bout  fifty  two  Degrees ,  and  others  of  about  fifty  two 
Degrees  fixteen  Minutes ,  the  Drops  which  they  fall  upon 
Ought  to  appear  coloured  :  And  particularly,  thofe  of 
them  ought  to  appear  red,  which  are  feen  by  the  Rays, 
which  make  an  Angle  of  fifty  one  Degrees  and  forty 
four  Minutes  ;  becaufe  thefe  are  the  fame  as  the  effective 
Rays,  which  after  having  been  twice  reflected  and  twice 
refraCted,  have  a  Power  to  excite  this  Colour,  fuch  as 
the  Ray  FE,  in  the  third  Figure.  Thofe  ought  to  appear 
yellow,  which  are  feen  by  the  vifual  Raysi  which  make 
an  Angle  of  fifty  two  Degrees ,  becaufe  they  are  the  fame 
as  the  effective  Kays  which  produce  this  Colour,  fuch  as 
6  7  in  the  fame  Figure.  And  laftly,  thofe  Drops  ought 
to  appear  blue  or  greeny  which  the  Rays  fall  upon  that 
make  an  Angle  of  fifty  two  Degrees  fixteen  Minutes , 
becaufe  thefe  Rays  are  the  fame  as  thofe  which  caufe 
blue  or  green,  fuch  as  ML  in  the  fame  Figure. 

16.  Further,  thefe  Drops  being  difpofed  in  a  Circle, 
round  about  the  Axis  of  Vifion ,  very  near  each  other,  and 
there  being  no  other  coloured  ObjeCts  near  them,  it  is 
manifeft,  that  they  muft  form  a  fecond  Rain-bow;  which 
from  what  was  before  faid,  muft  have  its  Colours  lefs 
vivid  than  the  firft,  and  alfo  be  difpofed  the  contrary 

Way  ; 
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Way ;  for  the  Red  Colour,  which  appears  under  the  big- 
geft  Angle,  in  the  firft  Rain-bow,  is  outermoft,  and  the 
Blue  innermoft ;  but  in  thisfecond  Rain-bow  ;  the  Red 
which  appears  under  the  leaft  Angle,  is  innermoft,  and  the 
Blue  outermoft. 

17.  This  Explication  very  well  accounts  for  the  Dif-  17  An 
ference  and  Order  of  the  Colours  which  appear  in  the  in-  ^an^rU- 
ternal  and  external  Rain-bow,  and  is  fufficient  to  convince fidai  Ram. 
us  of  the  Truth  of  it.  And  I  cannot  poflibly  help  being  bov3' 
fully  aftured  that  it  is  fo,  when  I  fee  that  every  Time 

the  Wind  blows  backwards  and  forwards,  and  difperfes 
.every  Way,  the  Water  of  a  Fountain,  while  it  is  playing  ; 

X)r  when  ever  I  fpirt  Water  out  of  my  Mouth  and  fcatter  it 
about  in  a  '/lace  oppofite  to  the  Sun,  where  its  Rays  come, 
and  beyond  which  there  is  no  bright  Objects  \  there 
always  appear  artificial  Rain-bows,  which  do  not  at  all 
differ  from  thofe  we  call  natural  ones. 

18.  For  want  of  coniidering  this  Experiment,  fome  18.  A  Con- 
modern  Philofophers  have  attenuated  to  explain  the  Rain-  i‘8ure  °f 

.  .  -  1  #  Iqtvc  771  oder  71 

bow,  by  imagining,  that  there  is  formed  in  the  Air,  a  pbilejo 
tranfparent  Cloud  of  a  particular  Figure,  which,  when  pbers,  and  a. 
the  Rays  of  the  Sun  pafs  through,  refraefts  them  in  fuch  a 
manner,  that  wnen  they  come  out  of  this  Cloud,  every 
one  of  them  becomes  capable  of  exciting  the  Senfation  of 
fome  Colour  ;  and  all  of  them  together  become  capable 
of  forming  a  conick  Superficies,  at  the  Extremity  of  which 
there  is  fome  Cloud,  by  which  the  Rays  are  refk&ed  to 
our  Eye,  and  fo  caufe  the  Appearance  of  a  Rain-bow. 

For,  if,  without  giving  themfelves  the  trouble  to  exa¬ 
mine  a  great  many  Things  which  neceffarily  follow  from 
this  Hypothefis,  and  which  do  not  at  all  agree  with  Expe¬ 
rience,  they  had  but  confider’d,  that  there  is  nothing  at 
all  like  this  tranfparent  Cloud  interpofing,  when,  what 
they  call  artificial  Rain-bows  are  formed,  they  would 
have  been  convinced  that  their  Conje&ures  are  falfe. 

19.  Thofe  that  favour  the  Explication  which  we  have  19.  That  it 
now  condemned,  always  anfwer  here ;  that  Rain-bows  always 
have  been  feen,  when  it  has  not  rained  ;  and  therefor 

they  muft  neceffarily  depend  upon  fome  other  Caufes,  at  the  Rain - 
leaft  fometimes,  than  thofe  which  we  have  affigned.  But  *6W 
this  Obfervation  concludes  nothing  againft  me ;  For  it 
doe;»  not  follow,  that  becaufe  there  is  no  Rain  where  we 
are,  therefore  there  is  none  any  where  elfe.  And  what 
I  have  faid  concerning  the  Nature  of  the  Rain-bow,  feeins 
to  me  fo  necelfary,  that  I  think,  I  may  fafely  venture  to 
V.o  l.  II.  Q.  '  affirm 
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affirm  that  it  always  rains  in  the  Place  where  the  Rain¬ 
bow  appears. 

ao.  Wby  the  20.  It  will  ftill  farther  confirm  our  Opinion;  if  we  can 
fam'iteays  that  the  Properties,  which  have  ever  been  ob- 
of  the  fame  ferved  in  the  Rain-bow,  may  be  deduced  from  thence  : 
Breadth .  And  .  jn  our  Hypothecs,  it  is  very  eafy  to  give  a 
Reafon  why  it  is  always  of  a  certain  Breadth,  and  never 
increafes  or  diminifhes  ;  for  it  is  manifeft,  ( i )  that  this 
Breadth  muft  neceffarily  be  contained  under  an  Angle  of 
thirty  two  Minutes ,  which  is  the  Difference  of  the  Angles 
under  which  we  have  fhown  the  extream  Colours  ought 
to  be  feen. 

Volfur^ar!  21  •  The  Rain-bow  muff  alfo  neceffarily  appear  more 

more  diftina  diftincl  on  the  Red  fide  than  on  the  Blue,  where  the  Co- 
on  the  red  lour  grows  fainter  gradually,  till  it  vanifhes.  This  you 
tbtbhiT  °n  will  readily  acknowledge,  if  you  look  upon  the  Figures 
where  all  the  Rays  which  come  out  of  a  Drop  are  de- 
fcribed,  and  obferve  ;  that  there  come  no  Rays  at  all 
out  of  that  Side  which  we  affirm  to  exhibit  the  Red  Co¬ 
lour  ;  but  that  there  does  come  out  lome  on  that  Side, 
which  exhibits  the  Blue ;  which,  though  they  are  not 
able  to  caufe  any  vivid  Senfation,  do  yet  excite  fome  Sort 
of  Senfation*  Whence  it  follows  manifeftly,  that  becaufe 
thofe  Drops  of  Rain  which  are  on  that  Side  of  the  Rain¬ 
bow  which  appears  Red,  do  not  fend  any  Rays  at  all  to 
our  Eyes,  therefore  this  Colour  muft  ceafe  all  at  once ; 
Whereas  the  Drops  which  are  near  thofe  that  appear  Blue, 
do  fend  fome  weak  Rays,  and  therefore  we  ought  to  fee 
a  fainter  Colour  in  the  Place  where  they  are ;  and  this  is 
the  Reafon  why  the  Blue  fades  infenfibly. 

*Z  ^d:tf  rent  22‘  Again,  if  we  confider  that  the  Drops  which  appear 

tpeljondo  coloured,  are  feen  under  a  certain  Angle  about  the  Axis 
not  jee  the  0j  yijion ;  and  that  two  different  Perfons  have  a  different 
Rain'  Axis,  we  fhall  plainly  fee,  that  every  Spe&ator  has  a  par¬ 
ticular  Rain-bow  of  his  own;  And  this  is  confirmed  by 
Experience ;  (contrary  to  the  Opinion  of  thofe  who  ex¬ 
plain  the  Rain-bow  in  the  manner  which  we  juft  now  con¬ 
futed)  firft  in  the  Water  which  is  fcattered  about  in  the 
Air,  by  a  Fountain  or  out  of  one’s  Mouth,  in  a  Place 


(j)  That  tbit  Breadth,  &c.)  This 
is  a  very  great  Miftake.  For  the 
outmoft  or  firft  Rain-bow,  is  really 
above  two  Degrees  broad,  and  the 
inner  one  above  four  Degrees  j  but 
the  Colours  in  the  extreme  Parts  of 
the  Rain-bows  are  fo  cbfcure,  that 


we  cannot  fee  theiri  of  fo  great  a 
Breadtfj.  See  above,  Art .  6.  But 
it  was  very  eafy  for  a  Perfon  to  make 
this  Miftake,  who  was  ignorant  of 
the  different  Reflations  of  tho  fe- 
verai  Colours. 


oppofite 
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oppofite  to  the  Sun  :  for  in  both  thefe  Cafes,  every  Body 
fees  the  Sow  in  different  Drops,  and  refers  it  to  different 
Places.  So  likewife  in  very  great  Rains,  caufed  by  the 
Diffolution  of  the  Clouds,  if  a  Rain-bow  appears,  and  we 
can  apply  the  Horns  of  it  to  an y  thing  that  is  fixed,  we 
fhall  find  it  change  its  Place  as  we  move  backwards  or 
forwards  ;  And  this  gave  Occafion  to  this  Saying  ;  That 
the  Rain-bow  follows  thofe  who  flee  from  it ,  and  flees  fro?n 
thofe  that  follow  it. 

23.  The  Bignefs  of  the  Rain-bow  is  more  or  lefs,  as 

more  or  lefs  of  the  conick  Superficies  is  above  the  Surface  is  Part  of  a 
of  the  Earth,  at  the  Time  of  Obfervation  ;  And  this  Por-  C,rcle  p 
tion  is  fo  much  the  lefs  (1)  as  the  Inclination  of  the  Axis 
of  Vifton  to  this  Surface,  is  greater;  now  this  Inclination  u  higher 
is  fo  much  the  greater  as  the  Sun  is  higher;  The  higher  abvvt  tbe 
therefore  the  Sun  is,  the  lefs  is  the  Rain-bow.  Hor' *0Ttm 

24.  It  is  evident,  that  if  the  Sun  be  more  than  forty  24..  Why  a 
one  Degrees,  and  forty  fix  Minutes  elevated  above  the  Ho-  Ram-bo<w  j 
rizon,  then  the  Superficies  of  the  Cone,  in  which 
Rain-bow  ought  to  be  feen,  muff  enter  into  the  Earth  at  the  Sun  is 

a  little  Diftance  from  the  Eye  :  Whence  it  follows,  be-  * 

caufe  there  are  no  Drops  of  Rain  in  the  Place  where  they  greeabove 
would  appear  coloured,  and  this  Place  is  not  vifible,  be-  the  Horimn* 
ing  within  the  Earth  ;  that  therefore  there  can  be  no  prin¬ 
cipal  Rairt-bow  feen  at  all. 

25.  Further;  if  the  Sun  be  never  fo  low,  even  in  the 
Horizon,  it  i$  impoffible  to  fee  any  more  than  a  Semicir-y^J-’ 

cle  of  a  Rain-bow,  if  we  look  upon  it  from  a  Plain  ;  be-  Plain ,  can 
caufe  its  Center  is  always  in  the  Axis  of  Vifeon  ;  which 
Axis  is  then  upon  the  Superficies  of  the  Earth,  and  not  a  $emiCircle, 
the  leaft  elevated  above  it,  unlefs  you  reckon  the  Height 
of  the  Spe&ator’s  Eye,  which  is  very  inconliderable,  eipe- 
cially  if  the  Rain,  where  the  Bow  is,  be  at  any  Di* 
ftance.  ( 

26.  There  is  no  doubt  but  if  when  the  Sun  is  in  the*6. 
Horizon,  the  Spectator  were  at  a  very  great  Height  above  c^p^0f 
it;  as,  for  Example,  upon  the  Top  of  fome  very  high  an  entire 
Tower ;  that  then  the  Height  of  the  Axis  of  Vtfton ,  in  c*rd!‘* 
which  the  Center  of  the  Rain-bow  is  above  the  Horizon^  J  c  J 
would  be  confiderable  (compared  with  the  Bignefs  of  that 
Circle,  part  of  which  the  Rain-bow  ufes  to  be)  and  fo  more 
than  a  Semicircle  would  be  feen.  And  we  may  fuppofe  the 
Tower  fo  high,  and  the  Rain  fo  near  the  Spectator’s  Eye, 
that  he  may  fee  a  Rain-bow  confifting  of  an  entire  Circle. 

(1)  As  the  Inclination ,  &c.)  That  Perpendicular  with  the  Earth,  a  very 
Is,  is  more  elevated,  or  nearer  to  a  unufual  Stnfe  of  this  W ird. 

Voi,  II.  CL*  27.  And 
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27.  And  if  at  the  fame  Time,  fome  Cloud  fhould  hin¬ 
der  the  Rays  of  the  Sun  from  falling  upon  the  upper  Part 
of  the  Circumference  of  this  Circle  ;  then  the  lower  Part 
only  would  be  feen,  and  the  Rain- bow  would  appear  in-  , 
verted.  Such  perhaps  thofe  have  been  that  are  mentioned 
by  fome  Authors  as  very  extraordinary  Things. 

28.  What  I  have  now  faid  does  not  hinder  but  that  a 
Rain-bow  may  be  feen  inverted  by  fome  other  Means ; 
For  if,  when  the  Sun  is  above  forty  one  Degrees  and  forty 
fix  Minutes  high,  its  Rays  fhould  fall  upon  the  Superficies 
of  fome  large  fmooth  Lake,  in  the  Middle  of  which  we 
fuppofe  the  Spectator’s  Eye  to  be ;  and  at  the  fame  T ime 
there  fhould  fall  fome  Rain  in  that  Part  of  the  Air  to 
which  the  Rays  arc  reflected,  it  would  be  the  fame  Thing 
as  if  the  Sun  fhined  below  the  Horizon ,  and  the  Axis  of 
Vifion  extended  it  felf  upwards  :  From  whence  it  follows, 
that  the  conick  Superficies  which  determines  the  Drops 
that  ought  to  appear  coloured,  will  be  entirely  above  the 
Surface  of  the  Earth  $  but  becaufe  the  whole  Clouds  pof- 
fefs  the  upper  Part  of  that  Superficies,  and  the  Drops  of 
Rain  the  lower  Part  only  5  it  is  maniieft,  that  an  inverted 
Rain-bow  only  can  be  feen. 

29.  Here  we  ought  to  remember,  that  we  are  not  capa¬ 
ble  of  conceiving  diftindtly  in  our  Minds,  the  Images  of 
great  Diflances,  but  that  all  Ohjedts  beyond  a  certain 
Limit,  appear  at  the  feme  Diftance  \  and  this  is  the 
Reafon  why  there  are  an  infinite  Number  of  Objects,  at 
unequal  Diftances  from  us,  which  yet  we  judge  to  be  all 
equally  diftant  from  cus  ;  Thus,  though  the  whole  Su¬ 
perficies  of  a  great  many  Clouds  together,  is  very  une¬ 
qual  and  like  Waves  j  and  the  different  Parts  of  this  Su¬ 
perficies  are  very  unequally  diftant  from  the  Place  where 
we  are  ;  yet  we  generally  imagine  it  to  be  one  fingle  con¬ 
cave  fphaerical  Superficies,  of  which  our  Eye  is  the  Cen¬ 
ter,  and  we  place  in  it  a  great  many  other  ObjeCts  which 
are  much  below  it,  as  the  Tops  of  Steeples,  and  the  Birds 
which  fly  in  the  Air  :  Now  this  Miftake,  or  rather  De¬ 
fect  in  our  Imagination,  makes  us  think  that  the  Colours 
in  the  Rain-bow  are  placed  in  the  fame  Superficies,  and 
confequently  we  judge  them  to  be  further  off,  larger,’ 
and  more  exactly  round  than  they  really  are. 

30.  Hence  we  fee,  that  though  the  Drops  of  Rain  arc 
abfolutely  neceflary  in  order  to  produce  a  Rain-bow^, 
yet  it  may  happen,  that  there  may  fall  none  in  the  Place 
where  we  imagine  the  Rain-bow  to' be. 

* p4  But 
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31.  But  I  mult  not  forget,  upon  this  Occafion,  to  take  3T*t  & 
Notice ;  that  if  the  Drops  of  Rain  that  ought  to  appear  ^ay'Jpp^ar 
coloured,  do  not  happen  to  be  directly  againft  a*Cloud,  on  a  Mca~ 
but  againft  fome  other  Obje<5ts  which  the  Spe&ator’s  Eye  doWt 

is  fixed  upon  ;  he  will  imagine  that  he  fees  a  Rain-bow 
painted  upon  thofe  Objedts  :  And  thus  I  have  feen  forne 
painted  upon  the  Sides  of  Mountains  j  and  a  Friend  of 
mine,  being  not  long  fince  upon  a  very  high  part  of  the 
Alps,  and  looking  down  into  a  Valley  over  againft  him, 
where  it  rained  very  hard,  and  the  Sun,  which  was  at  a 
great  height  above  the  Horizon,  and  on  the  oppofite  Side 
to  the  Rain,  fhone  upon  the  Drops  ;  faw  a  very  vivid 
Rain-bow,  which  he  believed  to  be  upon  the  Grafs  in  a 
Meadow  below  the  Rain, 

32.  Nor  ought  I  to  pafs  over  in  filence  a  very  re-  32,  Of  ano. 
markable  Obfervation,  which  is  this  ;  that,  whereas  we  tier  extract 
have  hitherto  confidered  the  Drops  of  Water  as  falling  f^r^Rsia* 
in  the  Air,  and  fucceeding  each  other  in  thofe  Places 

where  they  ought  to  appear  coloured  ;  we  may  alfo  con- 
fider  them,  as  fixed  in  fome  Places,  where  they  may  con¬ 
tinue  very  nearly  round  :  Thus,  a  very  ingenious  Perfon 
walking  upon  a  Bank  one  Morning,  faw  on  one  Side  of 
him,  upon  the  Grafs,  in  a  large  Meadow  juft  by,  a  Rain¬ 
bow,  which  fepmed  to  change  its  Place  and  to  go  along 
with  him  ;  which  he  was  the  more  furprized  at,  becaufe 
it  was  very  clear  and  no  Cloud  to  be  feen  any  where.  But 
his  Surprize  ceafed,  when  upon  examining  the  Herbs  in 
the  Meadow,  he  found  almoft  all  the  Leaves  covered  with 
Drops  of  Water,  like  thofe  of  Dew,  which  he  imagined 
were  caufed  by  a  very  thick  Mift  falling,  with  which  the 
Air  was  filled  but  a  little  before  :  For,  he  not  being  unac¬ 
quainted  with  the  foregoing  Explication,  rightly  judged, 
that  it  was  thefe  Drops  of  Water  which  were  the  Occa¬ 
fion  of  the  Rain-bow  being  feen  fo  long  as  they  remained 
upon  the  Herbs  :  And  he  very  well  knew,  that  this  Bow 
ought  to  appear  inverted,  as  indeed  it  did  ;  becaufe  it  was 
only  the  lower  Part  of  the  conick  Superficies  which  fur- 
rounds  the  Axis  of  Vifiorij  that  paffed  through  the  Drops 
of  Water. 

33.  Further ;  That  there  may  remain  no  doubt  but  that  a 

the  exacft  Roundnefs  commonly  obferved  in  a  Rain-bow,  apptar 
depends,  as  was  before  faid,  upon  this ;  that  we  imagine  inclined . 
its  Colours  to  be  painted  upon  a  Superficies,  which  we 
believe  to  be  in  every  Part  equally  diftant  from  us  ;  let 

us  confider,  that  if  the  Rain  which  caufes  the  Rain-bow, 
m  fo  near  to  us,  that  we  can  perceive  the  different  DL 

Q^3  fiances 
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fiances  of  the  Drops  and  Clouds  or  any  other  Obje&s  be¬ 
yond  it,  upon  which  we  imagine  the  Bow  to  be  painted  ; 
then  fhe  Rain-bow  will  not  appear  fo  regular,  but  we  fhall 
perceive  a  great  many  Sorts  of  Inequalities.  For  Example, 
if  the  Wind  blows  it  towards  us,  fo  that  the  lower  Drops 
are  nearer  us  than  the  higher  ones ;  then  the  Horns  of  the 
Rain-bow  will  appear  to  be  not  fo  far  off  as  the  Arch, 
and  confequently  the  Bow  will  feem  inclined  to  the  Ho- 
rizon, 

'thns™/ a  34*  And  if  the  Rain  be  terminated  on  the  Side  of  the 
Ram-bow  Spectator  in  a  Plane  fo  inclined  to  the  Axis  of  Vifion,  as  to 
’tole^af'dtj  ma^e  an  aCLlt:e  Angle  on  the  Left-Hand,  and  an  obtufe 
ferent  Dt~  one  on  the  Right;  the  conick  Superficies,  which  deter- 
Jiances.  mines  the  Drops  of  Rain  that  ought  to  appear  coloured, 
muft  necefiarily  interfe£fc  thofe  Drops  in  fuch  a  manner, 
that  thofe  which  are  on  the  Left  Hand,  will  be  much 
nearer  to  the  Spectator  ( 1 )  and  to  the  Axis  of  Vifion ,  than 
thofe  on  the  Right :  And  becaufe  thefe  two  Sorts  of  Drops 
form  the  two  Horns  of  the  Rain-bow,  they  muft  nece  {Ta¬ 
rdy  appear  at  unequal  Diftances  :  And  becaufe  the  Center 
of  the  Bow,  is  that  Point  which  is  equally  diftant  from 
each  Horn,  therefore  we  cannot  but  imagine  it  to  be  out 
of  the  Axis  of  Vifion . 

35.  Of  other  ^5.  jn  feVcral  Sorts  of  Irregularities  hitherto  menti- 
tus^tn  t be‘  oned,  the  Drops  of  Rain  are  fuppofed  to  be  always  exactly 
Rain-bow,  round,  as  they  generally  are ;  but  if  they  be  fuppofed  to 
be  made  flat  on  any  Side  by  the  Wind,  it  is  eafy  to  ima¬ 
gine  that  there  may  be  produced  other  Sorts  of  Irregu¬ 
larities  than  any  that  have  been  hitherto  taken  Notice 
of.  1  '  . 

36  How  a  36.  If  we  add  to  this  ;  that  the  Rain-bow  muft  appear 
Rata  bow  j)ro]cen  jn  fome  Places,  if  it  ceafes  to  rain  there,  or  if  the 
timet  appear  Rays  of  the  Sun  are  by  any  means  hindred  from  going 
broken ,  thither;  and  that  on  the  contrary,  fome  of  thofe  Breaches 
which  appear  in  fuch  Places,  may  be  filled  up  again, 
when  it  begins  again  to  rain  there,  or  when  the  Rays, which 
were  hindred  by  the  Interpofition  of  fome  Cloud,  get 

(l)  And  to  the  Axis  of  Vif  on,  &c.)  th  tAxis  of  Vifion,  as  the  Author  here 
Imagine  firft  the  Axis  of  Vifion  to-  imagines-  This  being  fuppofed ;  be- 
be  perpendicular  to  the  Plane  of  the  caufe  thefe  Angles  of  theie  Triangles 
Rain  bow  j  and  fuppofe  two  right  which  are  next  the  Eye,  muft  remain 
angled  Triar  gles,  one  on  the  right  always  the  fame  j  (* vise- forty  three 
Hand  and  the  other  on  the  left,  the  Degrees  in  the  fairje  inner  Bow) 
Perpendicular  to  each  of  which  is  the  therefore,  when  the  Bow  is  thus  in- 
Axis  ofVfion,  and  the  Bafe  to  each,  clinea,  the  Bafe  of  the  right  Hand 
half  the  Diameter  of  the  Bow.  Then  Tiiangle  muft  appear  much  longer. 
Jet  the  Plane  of  the  Bow  be  inclined  to  than  that  of  the  left  Hand  T riangle. 

2  thither 
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thither  again ;  there  will  remain  no  one  Circumftance  of 
this  Phaenomenon,  though  never  fo  ijiconfiderable,  but 
a  very  evident  Reafon  may  be  given  for  it  (1). 

37.  I  fhall  here  put  an  End  to  this  third  Part ;  thq* 
I  cannot  fay  that  it  is  compleat :  It  takes  in  fo  many 
Things,  that  it  is  impoflible  for  any  mortal  JVJaji  to  ex¬ 
plain  them  all  •  And  the  greateft  Part  of  thofe  which  re¬ 
main  to  be  accounted  for,  depend  upon  fo  many  particu¬ 
lar  Circumftances,  fome  of  which  require  a  great  deal 
of  Study  and  Application,  and  others  cannot  be  found  out 
but  by  Chance ;  that  when  I  (hall  have  put  my  laft  Hand 
to  this  Work,  and  have  explained  all  thofe  other  Things 
which  fhall  hereafter  come  to  my  Knowledge  j  there  will 
Hill  remain  enough  to  exercife  thofe  who  come  after, 
for  many  Ages.  But  though  what  remains  yet  to  be  done, 
is  almoft  infinite,  and  therefore  what  I  have  faid  bears  no 
Proportion  to  what  may  be  faid  hereafter ;  yet  I  think  it 
is  fufficient  fo?  me,  if  the  Principles  which  I  have  ad¬ 
vanced  and  eftablifhed,  be  fuch,  that  without  changing 
them,  we  may  be  able  flill  to  go  on  in  the  Way  of  difco- 
vering  Truth.  Wherefore  I  fhall  now  proceed  to  fay 
fomething  of  the  Animal  Body>  and  try  if  thefe  Principles 
will  not  help  us  to  fome  Knowledge  of  th^t. 

(1)  Concerning  what  remains  fur-  mous  Sir  Jfaae  Newton's  Opticks, 
ther  to  compleat  this  Theory,  W».  p.  156  and  290.  And  Hugerii  Peft. 
to  explain  Parhelia,  and  thofe  Circles  humous  Works, 
which  they  call  Halo's.  See  the  fa- 
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of  the  '  ■  ’  \ 

Animated  or  Living  Body. 

CHAP.  I. 

Of  the  Things  contained  in  this  Fourth  Part , 

HOUGH  this  Term  Animated  Body 
be  extended  as  well  to  Plants  as 
jlnimals ,  yet  I  fhall  now  reftrain  it  to 
the  Latter.  And  becaufe  there  are 
an  infinite  Number  of  Species  of 
thefe,  it  is  an  impoflible  Thing  tQ 
attempt  to  treat  of  every  one  of  them 
in  particular ;  I  fhall  therefore  con¬ 
tent  my  felf  with  difcourfing  upon  the  humane  Body  on- 
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ly,  which  we  are  more  concerned  to  underftand  than  any 
other.  Though  this  does  not  hinder,  but  that  what  I 
(hall  fay,  may  be  applied  to  the  Bodies  of  other  Animalsy 
and  may  help  to  explain  fuch  Properties  as  the  greateft 
Part  of  Beajis  have  in  common  with  Man , 

2.  T he  Knowledge  that  can  be  gained  upon  this  Sub-  *1°* 
je&,  is  of  two  Sorts  ;  fuch  as  may  be  acquired  by  the  Knowledge, 
Help  of  our  Senfes  ;  and  fuch  as  may  be  acquired  by  the 

Help  of  our  Reafon :  And  we  may  affirm,  that  the  latter 
does  in  fome  Meafure  depend  upon  the  former ;  for  it  is 
certain,  that  that  which  falls  under  the  Notice  of  our 
Senfes ,  is  a  Sort  of  Rule  or  Foundation  for  our  "Judgment 
in  what  does  not  fall  under  the  Notice  of  our  Senfes.  Where¬ 
fore  that  I  may  proceed  in  a  right  Method  ;  I  fhall  begin 
with  thofe  Parts,  which  do  fall  under  the  Notice  of  our 
Senfes. 

3.  Thefe  Parts  are  alfo  of  two  Sorts  :  For  fome  of  3.  Of  tw 
them  are.  external^  and  offer  themfelves  immediately  to  Sons  of 
pur  View  ;  others  are  internal ,  and  cannot  befeen  with- 

Out  fome  foregoing  Preparation  ;  fuch  as  thofe  which  are  the  Notice  of 
difcovered  by  the  Diffedhon  of  a  dead  Body.  There  is  no  °ur 
need  of  enumerating  the  former  ;  for  every  one  knows 
that  there  is  a  Head ,  Arms  and  Breajl ,  See.  in  a  Body. 

Every  one  knows  alfo,  that  a  humane  Body  confifts  of  a 
great  many  different  Parts,  fome  of  which  may  be  divided 
into  other  like  Parts,  or  Parts  of  the  fame  Nature  ;  thefe 
jPhyficians  call  fimilar  Parts ,  fuch  as  the  Flejk.  Others 
may  be  divided  in  unlike  Parts,  or  Parts  of  a  different  Na¬ 
ture  ;  thefe  they  call  dijfimilar  Parts.  Thus  the  Handy 
which  may  be  divided  into  Flejh,  Bones ,  Nerves ,  Tendons , 

&  c.  which  are  Things  of  a  different  Nature,  is  a  dffimi- 
lar  Part ,  So  likewife  every  one  knows,  that  there  are 
fome  Parts  of  the  Body  which  we  make  ufe  of  as  Infirm 
ments  to  perform  certain  Actions,  which  we  could  not 
perform  without  them  ;  as,  for  Example,  we  ufe  the 
Hand  to  write  with ;  thefe  Parts  are  called  Organical  Parts, 

It  is  evident  alfo,  that  there  is  no  Part  fo  inconfiderable,  but 
that  its  upper ,  lower ,  middle ,  and fide  Parts  may  be  affigned. 

4.  T hey  who  treat  too  largely  and  intently  upon  fuch  4.  'Thai. 
Things  as  thefe,  as  if  they  were  of  great  Moment  andjfffPJf  * 
Concern,  do  more  Mifchief  than  they  were  aware  of ;  which  it  it 
for  they  thereby  vitiate  and  corrupt  the  Judgment  of  a  proper  *4 
great  many  who  make  a  Science  of  JVords  rather  than  °f 
Things.  By  this  Means  they  accuftom  themfelves  to  talk 

on  a  great  while  together  without  any  View,  and  yet  they 
have  faid  nothing  but  what  all  the  World  knew  before, 

except? 
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except,  perhaps,  that  they  have  ufed  a  great  deal  of  affec¬ 
ted  Jargon,  which  may  indeed  gain  them  fome  Credit 
amongft  ignorant  People,  but  which  cannot  but  render 
them  contemptible  to  thofe  who  have  any  good  Judge¬ 
ment  in  diftinguifhing  betwixt  the  Sound  of  JVordsy  and 
the  Reafon  of  Things. 

5.  Leaving  therefore  the  external  Parts,  I  fhall  treat 
principally  of  the  internal  ones.  But  I  would  have  the 
Reader  take  Notice  here  ;  that  the  Defcription  which  I 
fhall  give  of  fome  of  them,  is  not  fo  much  to  inform  thofe 
who  have  never  feen  them  ;  as  to  bring  them  again  into 
the  Minds  of  thofe  who  have  before  obferved  them  in  a 
dead  Body,  or  at  leaft,  have  confidered  them  in  the  Bo¬ 
dies  of  fome  Animals,  whofe  internal  Parts  are  like  thofe 
of  a  Man  ;  for  it  is  very  abfurd  to  think  that  any  Dif- 
courfe,  be  it  ever  fo  particular  and  clear,  can  inform  fo 
much,  as  can  be  difcovered  almoft  in  a  Moment  by 
looking  upon  the  Subjedt. 

6.  I  might  indeed  have  mentioned  the  Bones  amongft 
the  Number  of  thofe  Parts  which  ought  to  be  treated 
of  diftin&ly  5  for  they  are  hid  under  the  Skin,  and  cannot 
be  difcerned  by  the  Eye  :  But  becaufe  I  do  not  under¬ 
take  to  write  a  compleat  Treatife  upon  this  Subjedf,  but 
only  confider  it  with  fome  particular  Views,  which  will 
afterwards  appear  $  and  becaufe  we  can  know  by  our 
Feeling  only^  how  the  Bones  are  made,  and  where  they 
are  placed  ;  after  we  have  pnce  obferved  them  in  a  Sker 
Jeton,  where  we  ought  to  take  Notice  in  the  firft  Place 
of  their  particular  Figure,  and  of  the  Manner  in  which 
they  are  connedled  together ;  therefore  I  fhall  forbear 
fpeaking  of  them  in  this  Treatife. 


CHAP.  II. 

4  general  Defcription  of  the  larger  Parts  contained 

in  a  humane  Body . 

-  i  t 


TH  E  Bone  of  the  Head,  which  is  called  the  Stull, 
is  full  of  a  foft  white  Subftance  which  they  call  the 
Brain ,  and  which  extends’ it  felf,  as  it  were  in  a  Chan¬ 
nel,  all  along  the  Back- Bone,  which  the  Phyficians  call 
tkc  Verubree  to  which  $he  Rifo  are  fixed* 
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2.  The  Scull  does  not  touch  the  Brain  immediately,  **  °f  ti>e 
but  the  Brain  is  covered  with  a  very  ftrong  Membrane,  Orain^ 
which  is  called  the  Dura  Mater ,  under  which  there  is 

yet  another  thinner  Membrane,  which  they  .call  the  Pia 
Mater . 

3.  The  Trunk  of  the  Body,  or  that  part  which  is  be-  j-  °f the 
tv/ixt  the  Neck  and  the  upper  Parts  of  the  Thighs,  con-  pTncardium 
tains  within  its  Cavity  a  great  many  very  different  Sorts  and  the 

of  Parts.  The  upper  Part  of  this  Cavity,  which  is  call-  iiearh 
ed  the  upper  Belly ,  or  the  Breajl ,  contains  the  Lungs , 
which  are  divided  into  a  great  many  Lobes,  and  appear 
to  furround  a  Membrane,  called  the  Pericardium ,  being 
'in  the  Shape  of  a  Purfe,  containing  the  Hearty  together 
with  a  Liquor  in  which  it  fwims,  very  much  like  Urine. 

The  Heart  is  fattened  to  the  Vertebra  by  Ligaments 
which  reach  from  the  Bafe  of  it  thither,  in  fuch  a  man¬ 
ner  that  the  Point  of  it  inclines  a  little  to  the  left  Side. 

*  .  .  i  r  .*  J 

4.  Beneath  the  Lungs  and  Heart,  in  the  Place  where  4.  0/  the 

the  upper  Belly  ends,  is  the  Diaphrag?n ,  which  is  a  very  D'opbragrn* 
thick  Membrane,  dividing  the  upper  Belly  from  the  lower 

one,  and  is  fo  tttuated,  that  when  a  Man  ftands  upright, 
it  is  like  a  Level,  which  neither  inclines  to  one  Side  nor 
the  other. 

5.  Below  the  Diaphragm,  on  the  right  Side,  is  the  V  °f 
Liver ,  in  the  lower  Part  of  which  is  the  Gall-Bag  ;  and 

pn  the  left  Side  is  the  Spleen.  spleen. 

6.  However,  about  twenty  Years  ago,  I  faw  a  dead  6*  An  fX~ 
Body,  in  which  thefe  Parts  had  a  quite  contrary  Situa-  suLtionof 
tion  ;  the  Liver  was  on  the  left  Side,  and  the  Spleen  on  the  Liver 
the  right ;  which  is  fo  rare  a  Thing,  that  it  has  never  and  sVee,u 
been  obferved  before. 

7.  Betwixt  the  Liver  and  the  Spleen  is  placed  the  Ven-  7;  °f 
tricle ,  which  receives  all  that  we  eat  and  drink,  carried  VentrKhu 
thither  through  a  Channel,  called  the  Oefophagus  or 
Throat,  which  lies  along  the  Vertebrae. 

8.  The  Ventricle  has  two  Holes  in  it,  one  to  receive  \Io?e{ cftb, 
the  Viftuals  in  at,  $nd  the  other  to  let  them  go  out :  And  Vtnmciu 
at  this  Part,  which  is  called  the  Pylorus  begins  the  Intef- 

tines  or  Guts ,  which  after  feveral  Windings  and  Turn¬ 
ings,  end  at  that  lower  Hole ,  put  of  which  the  grofs  Ex¬ 
crements  of  the  Body  come. 

9.  Properly  fpeaking  there  is  but  one  Intejline ;  but  as  9-  tl>* 
a  long  Street  has  fometimes  feveral  Names  given  to  dif-  lnteJilneti 
ferent  Parts  of  it :  fo  this  long  Inteftine,  is  in  imagination 
divided  into  fevera}  Parts,  which  PJhyficians  have  given 

different 
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different  Names  to  :  The  firffc  Part  which  joins"  imme-r 
diately  to  the  Ventricle  is  called  the  Duodenum  ;  the  fe- 
cond  is  called  the  ‘Jejunum ;  the  third,  the  Ileon  \  the 
fourth,  the  Colon ;  and,  which  might  be  called  the  fifth 
and  laft,  the  Reftum  :  But  betwixt  the  Ileon  and  the 
Colon,  is  a  Gut,  the  Bottom  of  which  is  flopped  up, 
like  a  Street  which  has  no  Paffage  through  it,  and  this  is 
called  the  Cacum  ;  fo  that  there  are  reckoned  fix  Intef- 
tines  ;  The  firft  three  are  called  the  fmall  or  Jlender  Gutsy 
and  the  three  other  are  much  thicker . 

10.  All  the  Inteflines  look  at  firft  Sight  as  if  they 
floated  about  in  the  Body,  without  being  faftened  ;  but 
by  taking  hold  of  them,  we  find  that  they  are  faftened  to 
a  certain  Membrane  which  is  palled  the  Mefentery  and 
‘which  is  fixed  to  the  Vertebrae. 

it.  Of  the  i  i.  Befides  thefe,  the  lower  Belly  contains  the  two 
Heim  and  Keins  ox  Kidneys,  which  are  fixed  to  the  Vertebrae,  and 
Bladder.  ]f  ladder  which  is  the  Place  that  contains  the  Urine. 

12.  How  i2.  It  is  proper  to  confiderall  thefe  Things  thus  gene-s 
^tb^Body*-  raHy>  not  only  before  we  come  to  a  particular  Examina- 
art  firf  to  tion  of  them,  but  before  we  come  to  the  Confideration 
he  tsnfdered.  0f  fome  other  Things,  which  are  not  fo  eafily  difeovered  ; 

becaufe  that  by  having  gained  a  general  Knowledge  of 
tfie  Order  and  Difpoiition  .of  all  thefe  Parts,  we  may 
form  to  our  felves  at  firft  a  general  Idea  of  the  whole 
Machine  of  a  human  Body,  which  is  the  Objedl  of  oujr 
Inquiry.  I  come  now  to  thofe  Things  which  require  more 
Application,  and  a  more  exadt  Defcriptiop. 
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CHAP.  III. 

Of  the  Brain ,  Nerves,  and  Mufcles, 

Qf  the  *TP  H  E ,  Brain  is  divided  into  two  Parts  ;  the  Fore-pari 
grain  and  X  and  the  Hinder-part.  The  Fore-part  which  is  much 
ike  Cavities  ]arger  than  the  other,  retains  the  Name  of  Brain ,  and  the 
Hinder-part  is  called  the  Cerebellum*  In  the  Subftance  of 
-  •  -  the  Pore-part  there  are  two  Cavities  fo  fituated,  that  they 
have  a  Communication  with  a  third,  which  is  in  the 
.  Hinder-part  ;  and  above  the  Channel,  by  which  this  Com- 
jnunication  ;s  made,  there  is  a  fmall  Gland  called  the 
*  '  v  Qonarium ; 
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Conarium ;  which  is  faflened  by  its  Bafe  to  the  Subfiance 
of  the  Brain,  of  which  it  felf  is  a  Part,  and  its  Vertex 
feems  to  be  fufpended  in  the  Middle  of  all  the  Cavities. 

This  fmall  Gland  is  very  remarkable,  on  the  account  of 
its  great  ufe  to  many  Purpofes,  and  particularly  for  this, 
that  though  all  other  Parts  of  the  Brain  are  double ,  this 
alone  is  Jingle. 

2.  When  in  differing  a  dead  Body  we  endeavour  to  V 

take  the  Brain  out  of  the  Scull  in  which  it  is  contained,  Nerves, 
we  find  it  hindred,  firfi,  by  the  Dura  Mater,  which 
flicks  to  the  Scull  in  feVeral  Places  ;  fecondly,  becaufe 
there  goes  from  the  Brain  feven  Pair  of  Nerves  to  diffe¬ 
rent  Parts.  The  two  Optick  Nerves ,  which  we  fpoke  of 
towards  the  Conplufion  of  the  firfi  Part  of  this  Trcatife, 
make  what  the  rhyficians  call,  the  JrJ  Pair  :  Thole 
which  end  at  the  Mufcles  of  the  Eves,  are  the  feco?id 
Pair:  Three  Pair  go  towards  the  To  ague,  the  third , 
fourth ,  and  feventh  :  That  which  goes  to  the  Ears  is  the 
fifth. ;  And  the  fixth  is  that  which  defcends  through  the 
Neck,  and  is  fubdivided  into  a  great  many  fmall  Nerves, 
which  end  at  different  Places,  fome  at  the  Lungs,  others 
at  the  Heart,  Ventricle,  Liver,  Spleen,  Inteflines,  and 
other  Parts  of  the  upper  and  lower  Belly. 

3.  We  fee  alfo  a  great  many  large  Nerves,  which  come 

Out  of  that  Part  of  the  Brain,  which  is  contained  in  the  t be  Body. 
Vertebrae,  and  extend  themfelves  to  all  the  Members  of 
the  Body. 

4.  All  thefe  Nerves  as  well  as  the  foregoing  ones,  are  4-  Of  tbs 
every  one  of  them  wrapped  up  in  two  very  flrong  Mem-  ^e”^ant9 
branes,  which  feem  to  me  to  be  only  the  Dura  Mater ,  Nerves. 
and  Pia  Mater  continued. 

5.  The  internal  Subftance  of  the  Nerves,  which  may 

be  called  the  Marrow  of  them,  confifls  of  an  infinite  tbe  Nerves, 
Number  of  very  fine  Capillaments,  which  -at  length  fepa-  of  the 
rate  from  each  other,  and  difperfe  themfelves  to  all  Parts  MufJeSt 
of  the  Body,  till  they  become  invifible,  and  are  entirely 
out  of  the  reach  of  our  Senfes.  But  a  great,  many  of  the 
Nerves  divide  and  difperfe  themfelves  in  iuch  a  manner, 
that,  after  the  Capillaments  of  which  they  confifl,  are  as 
it  were,  mixed  and  blended,  with  fome  Parts  of  the 
Flefh,  which  Mixture  compofes  what  they  call  a  Muf- 
cle,  they  then  unite  together  again  and  make  a  Tendon 
which  generally  is  faflened  to  fome  Bone.  ^ 

6.  Mr.  Steno,  a  foreign  Anatomifl,  has  lately  obferved,  Capulamentt 
that  the'Difpofition  of  the  Capillaments  of  a  Nerve  which  °f  tbe 
meet  together  in  order  to  form  3  MufcJe,  is  very  nearly' 

like  Mu  ile. 
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like  what  you  fee  reprefented  in  the  Figure  ;  where  AB 
is  the  Nerve,  BECF  the  Body  of  the  Mufcle,  and  CD 
the  Tendon.  This  being  the  Difpofition  of  the  Capilla- 
nients  of  the  Nerve,  to  which  the  Fibres  of  the  Flefh 
correfpond,  it  is  very  evident,  that  if  the  Interfaces 
GHILM  be  filled  all  at  once  with  fom'e  very  fine  Matter 
like  Air;  fuch  as  fliall  afterwards  be  more  particularly 
defcribed,  and  which  Phyficians  call  Animal  Spirits ,  the 
Capillaments,  fuch  as  that  reprefented  by  EC,  muft  be 
very  much  inclined  to  fuch  Capillaments  as  that  marked 
BE  ;  and  there  will  be  a  frniall  Interval  between  B  and 
C.  But  if  the  fame  Interftices  GHILM  be  empty, 
then  the  Capillaments,  fuch  as  EC  will  grow  ftreight 
again,  and  get  clofe  to  each  other,  and  fo  by  falling  di- 
re&ly  in  with  thofe  that  are  like  BE,  they  will  make 
the  Interval  betwixt  B  and  C  larger. 

7.  It  may  be  obferved  here,  that  the  Place  of  the' 
Nerve  marked  B  where  the  Mufcle  begins,  is  called  its 
Origin ,  and  the  Placed  marked  D,  where  the  Tendon 
is  fixed  to  a  Bone,  or  any  other  Part  of  the  Body,  is  cal¬ 
led  its  Infertion . 

CHAP.  IV. 

Of  the  HEART, 

TH  E  external  Shape  of  the  Heart  is  what  no  Body  was 
ever  ignorant  of ;  fo  likewife  has  it  been  always 
known,  that  the  Flefh  of  it,  is  the  firmeft,  the  moft  fo- 
lid,  and  the  hardeft  to  be  pulled  in  Pieces,  of  any  of  the 
whole  Body.  .But  it  is  very  lately,  that  a  curious  Ana- 
tomift,  ( who  thought  of  boyling  a  Heart,  in  order  to  the 
better  and  more  eafily  finding  out  the  Difpofition  of  its 
Parts )  obferved  that  the  Fibres  of  its  Flefh  are  difpofed 
two  different  Ways,  fo  that  thofe  which  are  on  the  out- 
fide  go  in  the  Form  of  a  Screw  from  the  Bafe  to  the 
Point ;  but  thofe  on  the  in-fide  go  more  dire&ly  from  the 
Bafe  to  the  Point. 

2.  Now  this  different  Difpofition  of  the  Fibres  of  the 
Heart,  may  reafonably  make  us  think,  that  the  Heart  is 
a  double  Mufcle ,  fo  compofed,  that  if  the  Interftices  which 
are  betwixt  the  Fibres  which  go  in  the  Form  of  a  Screw, 
are  filled  all  at  once  with  a  very  liquid  Matter,  it  muft 

'  grow 
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grow  longer  and  narrower ;  but  if  thefe  Inter  ft  ices  be 
empty,  and  thofe  which  are  between  the  Fibres  on  the 
in-fide,  be  filled ;  it  muft  grow  -wider  and  fhorter. 

3.  There  are  two  Cavities ,  or  hollow  Places  in  the  Heart  °f.  ^ 
which  are  feparated  from  each  other  by  a  Piece  of  Flefh  tbtlhar'tl 
called  the  Septum  Medium ,  or  middle  Partition.  One  of 

thefe  Cavities  is  on  the  right  Side9  and  the  other  on  the  left. 

They  are  each  of  them  longer  than  they  are  broad  ;  but 
the  left  Cavity  is  manifeftly  longer  than  the  right  one. 

4.  Each  of  thefe  Cavities  have  two  Holes  at  the  Bafe  4.  of  the 
of  the  Heart  :  at  the  Entrance  into  which  Holes,  there  Apmvru  cf 
are  particular  Membranes  fo  placed,  that  they  will  open  ffnd 

and  (hut  like  Doors,  though  but  one  Way  only.  One  Valv<u 
of  the  Holes  of  the  right  Cavity,  has  three  of  thefe 
Membranes  or  Valves,  fo  placed,  that  they  will  eafily 
open  to  any  Thing  that  would  enter  in  ;  but  fhut  them- 
felves  when  any  thing  offers  to  come  out  :  The  other 
Hole  has  three  Valves  alfo,  but  placed  the  contrary  Way 
to  the  former,  fo  as  to  permit  any  thing  that  is  withiit 
the  Cavity  to  come  out  eafily  ;  but  refill  any  Thing 
that  would  get  in.  One  of  the  two  Holes  of  the  left  Ca¬ 
vity,  is  not  round  like  the  reft,  but  oval,  and  has  two 
Valves  fo  placed  as  to  open,  when  any  Thing  offers  to 
enter  into  the  Cavity,  and  to  fhut  when  it  would  go  out ; 

The  other  Hole  has  three  Valves  placed  contrary  to  thefe 
laft  two,  and  will  open  to  let  any  Thing,  which  is  in 
the  Cavity,  go  out,  and  fhut  to  hinder  any  Thing  from 
entering  in. 


######################### 

CHAP.  V. 

Of  the  Veins  and  Arteries s 

THE R  E  is  fcarceany  Part  of  the  Body  but  the  Blood  t.  of  tbt 
will  come  out  at  it  if  it  be  pricked  ;  but  there  are 
fome  Veflels  from  which  the  Blood  will  flow  in  a  large 
Quantity,  if  they  be  opened :  Thefe  are  like  fo  many 
Channels  to  carry  the  Blood  backward  and  forward  ; 
fome  of  them  confiftof  a  very  thin  Skin  which  can  eafily 
be  contracted,  and  we  meet  with  a  great  Number  of 
them  under  the  Skin  that  covers  the  whole  Body  ;  thefe 
are  called  Feins  :  The  other,  which  are  compofed  of  a 

Very 
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very  thick  Skin,  and  don’t  lie  fo  near  the  Superficies  of 
the  Body,  are  called  Arteries . 

2.  The  principal  Veins  and  Arteries  of  the  whole  Bo¬ 
dy  are  four,  which  are  inferted  into  the  Bafe  of  the! 
Heart,  and  fo  end  at  the  four  Holes  which  we  juft  now 
mentioned. 

3.  The  Vefiel  which  ends  at  that  Hole  of  the  right  Ca- 
vity  of  the  Heart  where  the  three  Valves  are  fo  placed  as 
to  let  any  thing  enter  in,  is  the  Vein  called  the  Vena  Ca-> 
va .  It  is  hardly  got  from  the  Heart  before  it  runs  in  a- 
mongft  the  Vertebrae,  and  is  divided  into  two  Branches 
which  lie  almoft  directly  againft  each  other.  One  of  thefe 
goes  upwards,  and  is  again  divided  into  an  infinite  Number' 
of  Branches  which  reach  to  the  Arms  and  other  fuperiour 
Parts  of  the  Body,  and  is  therefore  called  the  Vena  Cava 
afeendens.  The  other  goes  downwards,  and  is  alfo  fubdi- 
videS  into  a  very  great  Number  of  Branches  which  extend 
themfelves  to  the  Thighs  and  other  lower  Parts  of  the 
Body,  and  is  therefore  called  the  Vena  Cava  defeendent. 
Thus  all  the  Veins  of  the  Body,  except  thofe  of  the 
Lungs  and  Heart,  depend  upon  the  Vena  Cava ,  or  are 
like  Branches  of  which  the  Vena  Cavay  is  the  Trunk* 

4.  Some  have  excepted  the  Veins  of  the  Mefentery 
alfo  ;  But  becaufe  thefe  unite  in  one  Vefiel,  which  is  cal¬ 
led  the  Vena  Porta ,  which  is  inferted  into  the  lower  Part 
of  the  Liver ,  out  of  the  upper  Part  of  which  comes  the 
Ramus  Hepaticus ,  which  is  united  to  the  Vena  Cava 
below  the  Place  where  it  enters  into  the  Heart ;  therefore 
the  Veins  of  the  Mefentery  may  be  looked  upon  as 
Branches  of  the  Vena  Cava. 

5.  The  Vefiel  that  ends  at  the  Hole  of  the  right  Ca¬ 
vity  of  the  Heart,  where  the  Valves  are  fo  placed  as  to 
open  to  any  thing  that  would  go  out,  is  an  Artery, 
which  enters  into  and  fpreads  it  l'elf  all  over  the  Lungs, 
and  is  there  fubdivided  into  an  infinite  Number  of 
Branches  of  different  Bignefles.  The  Antients  gave  the 
Name  of  Vena  Arteriofa  to  this  Vefiel,  becaufe  they  were 
prepofleffed  with  this  Notion,  that  they  were  only  Veins 
that  ended  at  the  right  Cavity  of  the  Heart,  and  that  all 
the  Arteries  ended  at  the  left  Cavity. 

6.  The  Vefiel  which  is  at  the  left  Cavity  of  the  Heart, 
the  two  Valves  of  which  will  permit  any  thing  to  enter 
into  that  Cavity,  is  the  Vein,  which  the  Antients  by  the 
fame  Miftake  as  before,  called  the  Arteria  Venofay  the 
Branches  of  which  are  alfo  difperfed  amongft  the  Lungs* 
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7.  The  fourth  Veffel,  which  is  at  the  other  Hole  of  7-  Of  tBt 
the  left  Cavity  of  the  Heart,  where  the  Valves  are  fo Aoria% 
placed  as  to  let  any  T hing  go  out,  is  an  Artery  called  the 

Aorta  or  Arteria -magna.  It  enters  in  amongft  the  Ver¬ 
tebra?  juft  by  the  Heart  along  the  Side  of  the  Vena- Cava  ; 
and  its  T runk,  like  that  of  the  Vena-Cava ,  is  divided 
into  two  Branches,  which  are  fubdivided  and  run  in  little 
Branches  to  all  Parts  of  the  Body  in  the  fame  manner  as 
the  Vena-Cava  does. 

8.  Some  Phyfieians  have  pretended  to  determine  the  g.  of  the 
Number  of  Veins  and  Arteries;  but  they  could  do  it  Number  of 
only  in  thofe  which  are  the  moft  fenfible  ;  befides  which  Velni' 
there  are  an  infinite  Number  almoft,  which  they  call 
Capillary.  And  it  feems  very  probable,  that  it  is  from 

fome  of  thefe  Veins  that  the  Blood  comes  when  any  Part 
is  pricked  :  From  whence  it  follows,  that  the  Blood  is 
always  contained  in  fome  Vein  or  in  fome  Artery. 

9.  The  Antients  taught,  that  there  were  a  great  many  9,  of  the 
Places  of  the  Body  where  the  Veins  and  Arteries  had  a  Anaftom>fi% 
Communication  with  each  other  :  Thefe  Communicati¬ 
ons  are  what  all  Phyfieians  call  the  Anajlomofes ,  fome  of 

which  are  to  be  feen  fometimes  upon  the  Superficies  of 
the  Lungs  :  But,  as  to  the  reft,  which  are  a  vaft  Num¬ 
ber,  as  fhall  afterwards  be  fhown,  we  may  venture  to  fay 
that  the  Antients  only  gueffed  at  them  ;  the  Foundation 
which  they  went  upon  being  very  weak,  not  to  fay  ab~ 
folutely  falfe ;  viz.  T here  are,  fay  they,  Anajlomofes , 
that  the  Blood  may  pafs  out  of  the  Arteries  into  the  Veins 
to  give  Life  to  them,  and  at  the  fame  time,  that  Blood 
may  pafs  out  of  the  Veins  into  the  Arteries  to  afford 
them  Nourifhment. 

10.  An  Englif)  Phyfician,  whofe  Name  is  Harvey ,  has  to.  Of  the 
lately  difeovered,  that  in  a  great  many  Places  of  the 
Veins,  but  efpecially  where  any  Vein  divides  into  two 
Branches,  there  are  little  Valves  to  be  found,  which  are 

fo  difpofed,  as  eafily  to  open  and  afford  a  Paffage  to  a 
Probe  thruft  into  the  Vein,  and  puftied  from  the  extreme 
Parts  of  the  Body  towards  the  Heart ;  but  they  will  re¬ 
fill  the  fame  Probe,  if  we  try  to  thruft  it  the  contrary 
Way  ;  viz.  from  the  Heart  to  the  extreme  Parts  oi  the 
Body. 
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CHAP.  Vi. 

I  *’ 

Of  the  LaEieal  and  Lymph atick  Veins , 


1.  Some 
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•>.  Of  the 
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laEieal  Veins 


3 •  Of  the 

Valves  of 
the  laEieal 
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THESE  two  Sorts  of  Veins  were  then  found  out, 
when  live  Animals  were  begun  to  be  dififedted.  And 
there  is  fome  Precaution  necefiary  in  order  to  difcover 
them.  For  the  Animal  muft  be  made  to  eat  two  or 
three  Hours  before  the  Difledtion  is  performed,  other- 
wife  the  laffeal  Veins  will  be  empty  and  not  to  be  feen. 

2*  Thefe  Veins  were  firft  difcovered  by  Affelius ,  and 
he  called  them  laffeal ,  becaufe  they  are  white  and  con¬ 
tain  a  white  Juice  in  them  :  They  fpread  themfelves  all 
over  the  Mefentery,  and  mix  themfelves  with  thofe  Veins 
which  they  juft  now  faid  were  Branches  of  the  Vena- 
Porta  :  And  if  they  be  pricked,  we  fee  a  Juice  as  white 
as  Milk  come  out  of  them,  which  they  receive  from  the 
Inteftines,  where  we  find  the  Extremities  of  their  very 
fmall  Branches  begin. 

3.  We  alfo  find  fome  Valves  in  them,  as  in  the  other 
Veins  of  the  Body,  which  are  fo  ordered  as  to  permit 
the  white  Liquor  to  run  from  the  Inteftines,  but  not  back 


again  to  them. 

4.  Of  the  4.  A  Phyfician  of  rriy  Acquaintance  (  Mr.  Pecquet) 
^or'Jbecl  le  has  ac^ed  to  this  Difcovery  another  kind  of  Receptacle 
and  the  which  is  fixed  to  the  Vertebras  a  little  above  the  Kidneys, 
Channel  of  which  he  has  often  fhown  me  full  of  a  Juice  like  that 
the  -i borax.  t]ie  lacftca.!  Veins  are  filled  with.  He  alfo  was  the  firft 
that  obferved  a  Duff  which  goes  along  the  Vertebras  from 
this  Receptacle  to  the  Place  where  the  Subclaviary  Veins 
join  with  the  Vena-Cava. 

§  Qf  the  5.  As  to  the  lyrnphatick  Veins,  we  cannot  certainly 
lymfhatick  tell  who  firft  difcovered  them.  They  are  to  be  found, 
Veins ,  and  with  a  great  deal  of  Trouble,  in  theFlefhof  alive  Ani- 

hmtawedin  ma^  And  the  Liquor  contained  in  them,  looks 

them.  very  much  like  Urine,  yet  it  is  certain  that  it  has  none 
of  the  Properties  of  it.  For  if  it  be  put  upon  the  Fire 
in  a  Spoon,  it  will  grow  thick  and  hard  like  the  white  of 
an  Egg,  which  Urine  will  not  do. 

6 .  of  the  6.  We  do  not  know  all  the  T urnings  and  Windings  of 
Valves  ef  the  lyrnphatick  Veins ,  nor  how  they  are  difperfed  :  But  we 
*ulk  ’vcw*'  °hferve  Valves  in  them  ordered  iike  thofe  in  other  Veins. 


CHAP, 
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CHAP.  VII. 

Of  the  Tongue  and  falival  Duffs, 


ALL,  both  Antient  and  Modern,  who  have  treated  of  *•  °f 
"  the  Anatomy  of  human  Bodies,  have  confider’d  the  Ffbfef°^tbe 
Tongue  as  a  Mufcle :  But  it  is  but  lately  that  the  Struo 
ture  of  it  was  known.  They  who  in  our  Days  have  had 
both  Curiolity  and  Induttry  enough  to  make  Enquiry 
into  this  Matter,  have  difcovered  in  a  boyled  Tongue, 
that  thole  of  the  Fibres  compofing  it,  which  are  near  the 
Superficies,  reach  all  the  Way  from  the  Root  to  the  Tip  ; 
and  that  thofe  which  are  within,  are  placed  in  feveral 
Ranks  alternately,  in  which  fome  of  them  go  from  Top 
to  Bottom,  and  others  go  acrofs.  Whence  it  follows, 
that  by  fome  or  other  of  thefe  Fibres  contracting  them- 
felves,  the  Tongue  is  moved  all  manner  of  Ways  as  we 
fee  it  is. 

2.  The  Spittle  does  not  fall  into  the  Mouth,  by  ana.  Of  the 
infenfible  Tranfpiration  through  the  Pores  of  the  Gums, 

as  all  the  Antients  thought:  There  has  lately  been  difco*- 
vered  falival  Duffs,  which  refemble  fmall  Veins,  and 
which  end  in  the  Infide  of  the  Cheeks.  Thefe  Duffs 
are  large  enough  to  put  in  a  Hog’s  Brittle  without  any 
Violence  ;  but  becaufe  they  are  fubdivided  into  letter  ones 
which  become  infenfible,  we  know  not  where  the  O- 
rigin  of  them  is. 

3.  The  Fluidity  of  the  Spittle,  will  alone  make  it  run  3.  Rea- 
into  the  Mouth ;  but  fometimes  it  falls  in  a  greater  A-  f 
bundance  than  at  other  Times:  As,  for  Inftance,  when  ,nt0  tbt 
we  chew  any  dry  Victuals,  or  any  Victuals  that  are  fome-  Mouth, 
what  hard  :  For  then,  every  time  we  open  our  Mouth, 

and  our  Jaws  remove  further  from  each  other,  the 
Cheeks  are  ttretchedand  compretted,  fothat  they  fqueeze 
the  falival  Duffs ,  and  force  the  Spittle  out  of  them  ; 

And  when  the  Mouth  is  fhut,  and  the  Cheeks  reduced  to 
their  former  State  again,  •  then  they  are  filled  as  before. 

4.  Now  becaufe  the  Cheeks  are  very  much  compretted  f  tb( 
When  we  yawn,  therefore  a  larger  Quantity  of  Spittle 

than  ordinary  mutt  then  fall  into  our  Mouths,  and  fo  out  of  our 
we  find  by  Experience,  and  that  fo  manifettly,  that  if  ^f°fgtbswi 
the  falival  Duff  s  be  very  full,  it  fometimes  flies  out  of  our  yawn. 
Mouths  to  a  confiderable  Dittance. 
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CHAP.  VIIL 


'  Of  the  LUNG  Si  " 

r  .  >r 

i.tifthe  AFTER  what  has  been  before  faid  concerning  the 
uirteria-af-  Xl  Lungs,  there  is  nothing  further  neceffary  to  be 
^tbeLun\  known :  but  only  to  obferve  here,  that  from  that  Part 
of  the  Mouth,  where  the  Roots  of  the  T ongue  are,  there 
defcends  a  certain  Channel  which  is  called  Arteria-af 
pera ,  which  is  divided  into  fo  many  Branches,  that  there 
is  fcarce  any  Part  of  the  Lungs,  be  it  ever  fo  fmall, 
but  both  they  and  thofe  of  the  Arteria-venofa j  and  Vena-* 
arteriofa ,  extend  themfelves  to  it.  So  that  it  is  not 
without  Reafon,  ‘that  fome  have  affirmed,  that  the  Lungs 
are  nothing  elfe  but  a  Texture  made  up  of  the  Branches 
of  thefe  three  Sorts  of  VefTels; 

d>  Why  tbo  2.  The  Arteria-afpera  receives  the  Air  which  we  draw 
plight*  in  by ’our  Breath  ;  and  becaufe  it  confifts  of  a  very  hard 
and  itifF  Membrane,  it  is  always  full  of  Air ;  and  this 
is  the  Reafon  why  the  Lungs  are  fo  very  light  or  weigh 
fo  little. 

3.  How  the  3.  The  Vi&uals  and  Drink  cannot  get  into  the  Throat 
Uvula  bin -  without  paffing  over  the  Mouth  of  the  Arteria-afpera ; 
thing1  from  notwithftanding  nothing  can  ordinarily  get  into  this 

falling  into  latter,  becaufe  there  is  a  kind  of  Valve,  which  they  call 
the  Lungs.  the  jjvuja^  which  covers  it  every  time  we  try  to  fwal- 
low  any  Thing.  And  if  it  does  at  any  time  happen 
that  a  fmall  Piece  of  Vi&uals  or  a  Drop  of  Drink  do  fall 
in,  we  are  forced  to  cough  it  up  again  prefently. 


CHAP.  IX. 


Of  the  LIVE  Rt 


Liver* 


Of  the  "07  ^  not  any  ^en^e  VefleJs  *n  Cutting  the  Li» 

*  V  ver  ;  which  is  the  Reafon  why  we  affirm  the  Li¬ 
ver  to  be  a  Heap  of  innumerable  Veins  not  to  be  per* 
ceived,  which  the  Vena-porta  divides  it  felf  into,  and 

which 
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which  feem  to  be  difperfed  in  this  manner,  in  order  to 
meet  again  and  communicate  with  the  Hepatick  Branch. 

2.  The  Liver,  in  the  greateft  Part  of  Animals,  as  *• 

well  as  in  Man,  is  of  a  reddifh  Colour,  But  there  are  u^trf  *  ° 
fome  Sort  of  Creatures  whofe  Liver  is  Green,  others 
Y ellow,  and  others  of  fome  other  Colour. 

3.  We  obferyed  a  little  before,  that  the  Bag  of  Gall  3-  Howtbt 
is  placed  in  the  lower  Concave  Part  of  the  Liver  :  There 

is  a  fmall  T ube  which  comes  out  of  this  Bag,  and  di-  difcbarges  it 
vides  it  felf  into  two  Branches,  one  of  which  bends  back/#* 
and  returns  into  the  Liver  again;  but  the  other,  which 
is  called  the  Meatus  or  Canalis  Choledochus ,  inferts  it  felf 
into  the  Beginning  of  the  Inteftine  called  Jejunum , 
where  it  makes  the  Gall  diflill  through  a  Hole  fo  fmall 
that  it  is  hardly  to  be  perceived. 


CHAP.  X. 

Of  the  SPLEEN \ 


WE  know  nothing  particular  of  the  Spleen ,  but  only  Ti  of  the 
that  it  is  full  of  very  grofs  Blood,  and  that  it  has  a  Blood  con- 
Communication  with  the  Ventricle  by  Means  of  a  fmall  tfnf* in  thc 
Dudf  which  Phyficians  call  the  Vas-breve ;  and  with  the  ee  ' 
Heart,  and  fome  other  neighbouring  Parts  by  Means  of 
fome  Arteries  and  Veins. 

2.  I  faw  a  Dog  once  whofe  Spleen  had  been  taken  out  2>  7 battbe 
fix  Months ;  the  Wound  necefl'ary  for  this  Operation,  Spleen  is  not. 
having  been  few’d  up,  healed  by  Degrees,  and  the  Dog  af,f0fcly 
recovered  his  Strength  again  in  Proportion  ;  fo  that  at  i0 

laft  there  appeared  no  external  Sign  of  an  Inconvenience 
that  the  Dog  fuftered  for  want  of  it. 
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CHAP.  XI. 

Of  the  Kidneys  and  Bladder . 

* J  s  H  E  Subftance  of  the  Kidneys  feems  to  be  of  the 
Nature  of  a  very  fine  Sponge,  and  we  fee  in  each 
Kidney  a  certain  Cavity  which  they  call  a  Bafon ,  and 
which  is  always  almoft  full  of  Urine. 

2.  It  is  alfo  to  be  obferved  here,  that  each  Kidney  is 
placed  at  the  Extremity  of  the  emulgent  and  Artery  Vein. 

3*  1  tw0  Kidneys  have  a  Communication  with  the 
Bladder  by  two  very  '/lender  Du&s,  called  the  Ureters , 
which  are  generally  full  of  Urine,  and  where  we  fome- 
tunes  find  fmall  Stones  like  thofe  generated  in  the 
Kidneys .  T  hey  are  inlerted  into  the  Bladder  fomewhere 
about  the  Neck  of  it,  but  the  Paflages  whfereby  the  Urine 
gets  into  it  aie  fo  fmall  that  they  cannot  be  perceived. 


CHAP.  XII, 

Of  the  Motion  of  the  Blood. 

THF-  °f  the  Blood  is  one  of  thofe  Things 

r  ^  before  could  not  be  known  by  the  Help 

ot  Reafon  And  it  Is  a  famous  Queftion  amongft  Phyr 

7JSL  nS?  *nd_7hat,  the>r  are  very  much  divided  about 3  viz. 
IV here  the  Blood  is  made,  and  how  it  is  moved :  TheAn- 
tients,  whofe  Opinions  the  greateft  Part  of  our  old 
Dotlors  follow  ftill,  thought  that  all  the  Blood  came  from 
the  Liver  5  and  becaufe  only  a  fmall  Part  of  it  goes  into 
tne  r  ena-porta ,  and  from  thence  into  all  the  Branches  of 
U  5  there  lore  the  greateft  Part  of  it,  paffes  into  the  Vena- 
sava,  and  fo  into  all  the  Branches  belonging  to  it  3  but 
y1.  uc  a  Manner,  that  at  the  coining  out  from  the 
Lwir,  a  considerable  Quantity  of  it,  turns  about  and 
enters  into  the  right  Cavity  of  the  Hearty  where  it  is 
divided  uno  two  harts,  one  of  which  runs  through  the 
ena-ar.euofa  into  tl  e  Lungs ,  and  the  other  through  the 
Medium-jeptum  into  the  left  Cavity  3  where,  they  fay, 
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it  is  converted  into  arterial  Blood  or  vital  Spirits ,  which 
is  carried  into  the  Lungs  by  the  Arteria-venofa ,  and  all 
over  the  Body  by  the  Arteria-magna  and  its  Branches. 

2.  According  to  this  Opinion,  the  Blood  always  moves  That  the 
from  the  Middle  of  the  Body  to  the  extreme  Parts,  with-  ac- 
out  ever  returning  back  again  j  And  fince  it  is  aflerted,  the  Opinion 
that  it  advances  forward  only  in  Proportion  as  the  Parts  °f  the  An- 
get  out  of  the  Veins  and  Arteries  to  nourifh  the  Animal ;  tlent' 

it  follows*  that  the  Motion  of  the  Blood  nruft  be  very  ^  2' 

flow, 

3.  This  Opinion  was  received  from  the  Antients,  V  A.Con' 
without  any  Proof,  at  a  Time  when  no  Body  fufpedted  this  Opinion, 
that  the  firft  Philofophers  were  capable  of  any  Miflake  : 

But  fince  we  do  not  fubmit  fo  blindly  to  Authority  in  fuel} 

Matters  as  thefe,  we  find  that  this  Opinion  is  only  mere 
Imagination  without  any  Ground,  and  that  it  ought  to 
be  utterly  reje&ed :  For  befides  its  making  the  Blood  pafs 
through  the  Septim  of  the  Heart,  where  there  does  not 
appear  to  be  any  fen  Able  Pores,  and  where  we  find  by 
Experience,  that  neither  Air  nor  Water  will  pafs  through, 
it  does  not  at  all  agree  with  the  Pofition  of  the  Valves 
which  are  at  the  Entrance  of  the  Arteria-venofa ,  and  a 
great  many  other  Places  of  the  Veins.  N  ot  to  fpend  any 
further  Time  therefore,  nor  to  amufe  our  felves  in  confu¬ 
ting  this  Opinion,  I  (hall  content  my  felf  with  endea¬ 
vouring  to  eftablifli  another  Conjecture,  the  Reafons  for 
which  appear  to  me  fo  plaufible,  that  I  hope  there  will 
be  no  Difficulty  in  admitting  it,  when  we  have  once  been 
at  the  Trouble  to  examine  it. 

4.  If  we  remember  the  Difpofition  of  the  Valves  which 
are  at  the  two  Holes  of  the  Heart,  where  the  Vena-cava 
and  Arteria-venofa  end  \  we  fhall  fee,  that  the! 


4.  That  the 
Blood  enters 
into  the 

tWO  Heart  from 

Vefiels  being  always  full  of  Blood,  there  muff  neceflarily  ^«Vena- 
flow  out  of  each  of  thefe  one  great  Drop  of  Blood,  into  <71^a  ah 

,  ^  •  r  1  tt  ,  .  .  1  ?  Arteria-ve- 

each  Cavity  of  the  Heart  when  it  is  empty.  nek. 

5.  Thefe  two  Drops  being  dilated  by  the  Heat  which  fbg 

is  in  the  Heart,  which  is  greater  than  in  any  other  Part  Blood  papes 
of  the  Body,  as  we  find  by  Experience,  endeavour  to  go  °ut  of  the 
out  at  the  Holes  which  are  in  thefe  two  Cavities  ;  but  be- 
caufe  they  cannot  get  out  at  thofe  through  which  they  ;  :totbeVe- 
entered  in,  they  themfelves  flopping  up  the  Railage  «w-aiwiou, 
that  Way  by  preffing  againfl  the  Valves  at  the  Entrance  ;  A'-lta* 
therefore  they  muff  go  out  at  two  other  Holes  where 
they  can  open  the  Valves :  And  thus  almoft  all  the  Blood 
which  is  in  the  right  Cavity,  pafies  into  the  Lungs  thro’ 
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the  Vena- art eriofa,  and  almoft  all  tjiat  which  is  in  the  left 
Cavity  pafles  into  the  Aorta. 

6.  That  6.  The  Blood  which  is  thus  got  out  of  the  Heart  can- 
*£iood°Tainnot  enter ln  again,  becaufe  the  Valves  are  fo  placed  that 
out  of  the  it  Hops  up  the  Paflage  it  felf.  Wherefore  that  which  re- 
Yena-cava  mains  in  the  Cavities  of  the  Heart,  being  no  longer  able 
v”no ^wto' t0  Pre^s againft  the  Valves  which  areat  the  Holes  where 
tbt  Cavities  the  Vena-cava  and  Arteria-venofa  end,  there  muft  again 
of  tke  Heart.  fa \\  in  two  other  great  Drops  of  Blood,  which  dilating 

themfelves  as  the  former,  go  the  fame  Way  as  they  did. 

7.  That  the  7.  Now  in  order  to  fee  how  it  is  poflible  for  this  to 
"ou^o/tbe*  C0I^nue  «during  the  whole  Life  of  the  Animal,  we  muft 
Arteries  into  confider,  that  every  Time  the  Vena-arteriofa  receives  the 
the  v tint.  Blood  that  is  newly  dilated  in  the  right  Cavity  of  the 

Heart  ;  this  Blood  impells  that  which  the  Vein  was  filled 
with  before,  fo  as  to  make  it  difcharge  fome  Part  of  it 
felf  into  the  Arteria-venofa ,  which  it  pafles  into  not  only 
through  thofe  vifible  Anaftomofes,  which  we  mentioned 
juft  now  ;  but  alio  through  an  infinite  Number  of  infen- 
iible  Paflages,  which  are  at  the  Extremities  of  the 
Branches  of  the  Vena-arteriofa ,  and  which  end  at  the 
Branches  of  the  Arteria-venofa.  So  likewife  we  mull: 
confider,  that  every  Time  the  Aorta  receives  the  Blood 
that  is  newly  dilated  in  the  left  Ventricle  of  the  Heart, 
this  Blood  prefles  upon  that  which  it  was  filled  with  be¬ 
fore,  and  makes  it  difcharge  part  of  it  felf  into  the 
Branches  of  the  Vena-cava ,  which  it  gets  into  through 
fome  Anaftomofes  that  are  vifible,  and  through  an  infinite 
Number  that  are  invifible. 

8.  This  being  fo  3  the  Blood  which  is  in  the  Veins 
moves  from  the  extreme  Parts  of  the  Body  towards  the 
ef  tbt  l hid.  Heart,  which  it  enters  into  through  the  Vena-cava  which 
difeharges  it  felf  into  the  right  Cavity  of  the  Heart 3 
from  hence  it  goes  into  the  Vena-arteriofa ,  then  into  the 
Arteria-venofa ,  and  from  thence  into  the  left  Cavity  of 
the  Heart,  from  whence  it  is  carried  to  the  extreme  Parts 
of  the  Body,  through  the  Trunk  and  Branches  of  the 
Aorta ,  the  Ends  of  which  are  united  with  thofe  of  the 
I  ena-iava ,  fo  that  thefe  latter  fend  the  Blood  back  again 
to  the  Trunk  belonging  to  them,  which  afterwards  dif¬ 
eharges  it  into  the  right  Cavity  of  the  Heart.  And  thus 
that  famous  Circulation  of  the  Blood  is  made  ;  for  the 

circulation*  £^covery  which  we  are  obliged  to  Dr.  Harvey, 
of  the  Biocd  9-  Having  thus  feen,  that  the  Circulation  of  the  Blood 
is  confirm’d  is  a  neceflary  Confequence  of  the  Difpofition  of  the 
Veflelsa  which  contain  it  3  there  are  two  very  ftrong 
p.gatunf  '•  Arguments- 


f.  Of  1  he 

Circulo  lion 
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Arguments  by  which  it  may  be  further  confirmed.  Firji , 
if  the  Skin  of  any  live  Animal  be  ript  in  any  Part  where 
there  is  a  pretty  large  Vein,  and  this  Vein  be  fo  freed 
from  the  Flefh  that  is  about  it,  as  it  may  be  tied  clofe 
up  by  a  Thread  going  round  it  ;  we  fliall  fee  that  Part  of 
the  Vein,  which  is  betwixt  the  Ligature  and  the  Heart, 
grow  empty  ;  and  pn  the  contrary,  that  Fart  which  is  be¬ 
twixt  the  Ligature  and  the  extreme  Parts  of  the  Body  will 
fwell.  And  if  this  Vein  be  pricked,  or  if  it  be  cut  in 
two,  betwixt  the  Ligature  and  the  Heart,  there  will 
come  out  but  very  little  Blood  ;  whereas  if  it  be  only 
pricked  between  the  Ligature  and  the  extreme  Parts  of 
the  Body,  there  will  come  out  fuch  a  Quantity  of  Blood 
that  the  Animal  may  die :  Which  is  a  certain  Sign  that 
the  Blood  does  not  move  in  the  Veins  from  the  Middle  of 
'the  Body  to  the  extreme  Parts ,  as  the  Ancients  thought ; 
but  on  the  contrary,  that  it  moves  from  the  extreme  Parts 
of  the  Body  to  the  Middle . 

10.  It  is  eafy  to  fee  that  what  is  thus  done  in  Beafts,  is  10.  Of  the 
in  like  Manner  done  in  Men,  if  we  confider  the  Method 

of  letting  Blood.  For  fince  the  Surgeons  are  obliged  to  tye  * 
up  the  Arm,  in  order  to  make  the  Blood  come  out  of  the 
Vein  at  an  Orifice  below  the  Ligature;  we  cannot  rea- 
fonably  think  otherwife,  but  that  the  Ligature,  which 
the  Arm  is  tyed  with,  by  comprefling  the  Veins,  but  not 
comprefling  in  the  fame  Manner  the  Arteries,  which  are 
not  fo  fupple,  and  which  lie  deeper  under  the  Skin,  will 
permit  the  Blood  to  run  along  the  Arteries  of  the  Arm, 
from  the  Middle  of  the  Body  to  the  Ends  of  the  Fin¬ 
gers  ;  but  that  it  will  not  permit  it  to  return  again  from 
thence  fo  freely,  through  the  Veins  to  the  Middle  of 
the  Body,  becaufe  this  Ligature  it  felf  flops  it,  fo  that 
the  Blood  is  forced  to  go  out  at  the  Orifice  they 
make. 

1 1.  And  this  will  appear  Fill  more  evidently,  if  we  con-  ^ 

fider  that,  when  the  Arm  is  bound  up  fo  hard  that  th z  Ligature  "" 
Arteries  are  comprefTed,  it  is  impoflible  to  get  any  Blood  ««/?  be 
out  at  the  Orifice  of  the  Vein,  without  firfl  loofening 

the  Ligature,  in  order  to  give  Room  for  the  Blood  to  Blood  may 
move  in  the  Arteries  beneath,  come  out' 

12.  Another  Argument  which  confirms  the  Circulati-  **•  Another 
pn  of  the  Blood,  in  the  Manner  we  have  now  defcri- 

bed  ;  is  an  Experiment  made  in  fome  of  the  Veins  which  Circulation 
are  juft  under  the  Skin,  and  are  the  moft  vifible  of  all.  of  tbs  Blood, 
If  we  take  any  ftngle  Branch  of  one  of  thefe  Veins,  as 
for  Inftance,  one  of  them  which  are  on  the  Back  of  the 
■  :  ‘  v  1,1  Hand, 


266 

Tab.  XVI. 
fig.  J. 


jj*  A  Ve- 

tnonf  ration 
•/  the  Ana . 
jfomefes  of 
ibtVtim  and 
Arteries * 


7.  That  the 
Motion  of 
the  Heart 
arid  Arteries 
dr  pend  upon 
line  Blood* 


ROH  AULT’s  System  Part  IV. 

ffand,  which  is  here  reprefented  by  AB,  of  which  A  is 
the  Part  furtheft  diftant  from  the  Heart,  and  where  two 
Brandies  unite  in  one  ;  and  B  the  Part  neareft  the  Heart, 
and  where  the  Branch  divides  again  into  two  other ;  If, 
I  fay,  we  prefs  the  Vein  at  A  with  the  End  of  one  of 
our  Fingers  fo  as  to  flop  the  Blood,  and  at  the  fame 
Time  hide  another  Finger  along  the  Vein  AB,  to  drive 
the  Blood  towards  CC;  then  the  Vein  AB  will  be  emp¬ 
tied  and  difappear,  neither  can  the  Blood  be  made  to  get 
again  into  it  by  moving  the  Finger  from  C  to  B,  be- 
caufe  there  is  a  Valve  at  B  which  flops  it.  But  that 
which  evidently  proves  fuch  a  Circulation  of  the  Blood 
as  we  have  defcribed  is  this,  that  if  the  Part  B  be  prefled 
with  the  Finger,  fo  as  to  hinder  any  Blood  going  towards 
the  Heart  froyn  B  to  A,  and  the  other  Finger  be  taken 
off  from  A?  you  will  have  the  Fleafure  to  fee  the  Branch 
AB  filled  immediately  with  Blood,  and  the  Blood  will 
move  from  A  towards  B,  that  is,  from  the  extreme  Parts 
of  the  Body  towards  the  Middle. 

13.  There  is  a  particular  Dernonftration  of  the  invifible 
Jnajhmofes ,  pr  Communication  between  the  Extremities 
of  the  Arteries  and  the  Extremities  of  the  Veins.  If  the 
Breaft  of  a  live  Animal  be  cut  open,  and  the  Aorta  tyed 
up  at  two  Inches  Diftance  abqve  the  Heart,  and  then  cut 
in  Pieces  betwixt  the  Ligature  and  the  Heart ;  the  Con- 
fequence  will  be,  that  not  only  all  the  Blood  in  the  Veins, 
but  that  in  the  Arteries  alfo  will  in  a  very  little  Time  run 
out  at  that  Hole  in  the  Heart  whereby  the  Blood  ufes  to 
pafs  out  of  the  left  Cavity  into  the  Aorta  :  Which  it 
could  not  do,  if  the  Extremities  of  the  Branches  of  this 
Veffel,  had  not  a  Communication  with  the  Extremities 
of  the  Branches  of  the  Veins. 


CHAP.  XIII. 


Of  the  Pulfe ,  or  Beating  of  the  Heart  and  Arteries . 

'T'  H  E  Beating  or  Motion  of  the  Heart  and  Arteries, 
•*  which  is  called  the  Pulfe ,  is  fufiiciently  known  by 
Experience ;  the  Difficulty  lies  in  finding  out  how  it  19 
done,  But  becaufe  this  Motion  is  nothing  elfe  but  a  Sort 

?  pf 
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of  Dilatation  in  the  Heart  and  Arteries ,  which  is  made 
regularly,  and  in  fuch  Meafure,  that  the  Arteries  beat 
neither  fafter  nor  flower  than  the  Heart ;  I  can’t  but  think, 
that  both  the  one  and  the  -  other  depend  upon  the  fame 
Caufe,  and  that  this  Caufe  is  no  other  than  the  Alteration 
of  the  Blood  made  in  the  Heart. 

2.  It  is  probable  therefore,  that  every  Time  any  Blood 
gets  into  the  two  Cavities  of  the  Heart,  this  Blood  mixes 
with  that  which  was  before  left  in  it,  which  ferves  like 
Leaven  to  make  it  dilate  all  at  once  ;  by  which  Means, 
the  Heart  it  felf  is  alfo  forced  to  dilate  and  grow  broader  ; 
After  which,  when  the  greatefl:  Part  of  the  Blood  which 
was  in  thefe  Cavities  goes  out,  viz.  that  of  the  right  Ca¬ 
vity  into  the  Vena-arteriofq ,  and  that  of  the  left  Cavity 
into  the  Aorta  \  then  the  Heart  relaxes  and  grows  long 
again  ;  and  it  is  in  this  continual  Alteration  of  the  Figure 
of  the  Heart  that  its  Beating  confifts  :  And  as  to  the  Ar¬ 
teries  ;  their  Motion  confifts  in  this,  that  they  fvvell  upon 
receiving  frefh  Blood  from  the  Heart;  and  return  to  their 
firft  State  again  immediately  upon  the  Blood’s  loflng  its 
Force  and  Agitatior]. 

3.  Not  that  I  am  unwilling  to  confefs,  that  the  Heart  is 
difpofed,  by  the  Fabrick  of  it,  to  dilate  and  contradi  it  felf 
another  Way  :  For  it  being  compofed  of  two  Mufcles,  it 
is  reafonable  to  think,  that  they  exercife  their  Power  al¬ 
ternately,  that  is,  the  Animal  Spirits  pafs  by  T urns  out 
of  one  Mufcle  into  the  other.  However,  I  am  of  Opi¬ 
nion  that  it  is  the  Dilatation  of  the  Blood  in  the  Heart 
which  regulates  their  Power;  becaufe  the  Heart  dilates  it 
felf  quicker  or  flower,  according  as  the  different  Qualities 
of  the  Blood  make  it  capable  of  a  quicker  or  flower  Di¬ 
latation, 

4.  This  fecond  Caufe  of  the  Motion  of  the  Heart,  being 
fuppofed  ;  it  is  no  more  ftrange  that  it  Ihould  fometimes 
beat,  after  it  is  taken  out  of  the  Body  of  a  live  Anirnal, 
than  that  a  Bell  fhould  continue  to  move,  after  we  have 
let  go  the  Rope  ;  Neither  can  there,  I  believe,  be  any  o- 
ther  Reafon  given  for  it  than  this. 
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CHAP.  XIV. 

What  Time  the  Blood  circulates  in. 


j.  Few  fa 
calculate  the 
*Iimeof  the 
Circulation 
tfthe  Blood * 
3? 


a. 

Computation 
may  not  be 
'very  exact. 


BY  reckoning  very  nearly  the  Quantity  of  Blood  which 
paffes  into  the  Aorta  at  every  beating  of  the  Heart, 
and  by  determining  alfo  the  Quantity  of  Blood  which 
there  is  in  the  whole  Body ;  we  may  find  how  long  Time 
it  takes  to  finifh  one  Circulation,  by  fome  fuch  Way  of 
Reafoning  as  this.  Firft  then,  I  am  of  Opinion,  that  e- 
very  time  the  Heart  beats,  it  throws  a  Drachm  of  Blood 
into  the  Aorta,  which  is  the  leaft,  I  think,  that  can  caufe 
a  fenfible  Dilatation  in  all  the  Arteries  :  This  being  fup- 
pofed,  I  count  how  many  times  my  Pulfe,  and  confe- 
«juently  my  Heart,  beats  in  a  minute  of  an  Hour,  and  I 
find  it  beats  fixty  four  times,  that  is,  three  Thoufand  eight 
Hundred  and  forty  times  in  an  Hour :  Whence  I  con¬ 
clude  that  there  paffes  through  the  Heart  every  Day,  nine¬ 
ty  two  Thoufand  one  Hundred  and  fixty  Drachms  of 
Blood,  which  make  eleven  Thodfand  five  Hundred  and 
twenty  Ounces,  or  fev^n  Hundred  and  twenty  Pounds  of 
Blood.  Wherefore  if  I  had  fo  much  in  me,  I  ftiould  con¬ 
clude  that  it  circulated  once  a  Day  ;  but  becaufe  I  am  of 
Opinion  that  there  is  npt  above  ten  Pounds  of  Blood  in 
my  whole  Body  ;  I  conclude  that  in  twenty-four  Hours, 
it  paffes  feventy-two  Times  through  the  Heart,  and  con- 
fequently  the  whole  Blood  circulates  three  times  in  an 
Hour. 

2.  But  it  is  very  manifeft,  that  if  more  or  lefs  Bloot^ 
than  I  have  fuppofed,  goes  out  of  the  Heart  at  every  Beat¬ 
ing,  if  the  Pulfe  be  fafter  or  flower  than  I  found  mine  to 
be  by  Experience,  or  if  the  whole  Mafs  of  Blood  be  not 
juft  ten  Pounds,  as  I  imagine  it  to  be ;  there  will  be  found 
a  different  Number  of  Circulations  in  an  Hour,  than  what 
I  have  laid  down  ;  fo  that  the  Calculation  now  made, 
ferves  only  for  an  Example  to  make  others  by. 


C  H  A  P, 
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C  U  A  P.  XV; 

Of  natural  Heat 6  . 

HERE  is  a  certain  Heat  in  us  which  is  riot  tranii-  *•  frbaiMm 
ent,  like  that  imprefled  upon  inanimate  Subjects  by  Heat 
Fire,  but  which  continues  ill  the  Depth  of  Winter,  and 
lafts  as  long  as  we  live  ;  this  is  what  we  call  natural  Heat : 
Concerning  which  there  have  been  twoThings  whichMen 
have  always  been  follicitous  to  enquire  into.  Firft,  What 
it  confifts  in j  and  fecondly,  How  it  is  communicated 
From  the  Heart,  which  is  at  it  were  the  Center  of  it,  to 
the  moft  extreme  Parts  of  the  Body. 

2.  It  feems  to  me  moft  probable  that  natural  Heat  owes  2.  What  a 
it  Original  to  the  Blood,  and  is  pretty  much  like  that  we  cw0l  in% 
mentioned  in  the  firft  Part  of  this  Treatife,  which  arifes 

from  the  Mixture  of  two  Liquors  5  for  Inftance,  of  Oyl 
of  Tartar  and  Oyl  of  Vitriol .  For  after  the  greateftPart 
of  the  Blood  which  is  rarified  in  the  two  Cavities  of  the 
Heart,  is  got  out  through  the  Vena-arteriofa  and  Aorta  ; 
that  little  Blood  which  ftill  remains  in  thofe  two  Cavities, 
and  that  new  Blood  which  comes  from  the  Bags  or  Ears 
of  the  Heart,  are  like  thefe  two  Liquors,  and  one  of 
them  ferves  as  Leaven  to  the  other,  to  dilate  and  heat  it< 

3.  As  a  Confequence  of  this,  it  is  evident  5  that  the  Heat  3.  How  a 
communicates  it  felf  to  all  the  Parts  of  the  Body  by  the  extendi  ta 
Blood  which  comes  to  them  perpetually  from  the  Heart 
through  the  Arteries.  Thus  we  perceive  the  Heat  to  be 
proportionably  greater,  when  the  Pulfe  of  the  Heart  and 
Arteries  is  quicker,  and  the  Blood  has  not  time  enough  to 

cool,  becaufe  it  is  fo  foon  carried  from  the  Middle  of  the 
Body  to  the  extreme  Parts* 


CHAP,- 
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Of  Nourifhment  and  Growth . 

ALL  the  Parts  of  our  Bodies,  except  the  Bones,  being' 
very  foft ;  it  feems  to  me  very  reafonable  to  think 
that  they  are  continually  Waiting,  and  that  this  Wafting  is 
increafed  by  the  feveral  Motions  of  our  Members,  and  by 
the  Adtion  of  thofe  external  Things  which  furround  us  : 
Yet  we  can  fcarce  perceive  any  l'enfible  Diminution  in 
our  Bodies,  efpecially  if  we  be  in  perfect  Health ;  nay* 
we  fometimes  find,  on  the  other  Hand,  that  they  increafe 
and  grow  bigger  in  a  very  little  Time  :  Whence  we  muft 
eafily  be  convinced,  that  fome  new  Subftance  muft  come 
into  the  Place  of  that  which  we  are  continually  lofing,  and 
that  this  contributes  to  our  growing  bigger.  Thus  we 
fee,  that  if  any  fmall  Hurt  happens  to  almoft  any  Part  of 
our  Bodies,  they  heal,  as  it  were,  of  themfelves;  and  that 
when  any  fmall  Part  of  the  Skin  or  Flelh  dries,  and  comes 
off  from  the  Body,  another  comes  in  its  Room,  and  the 
Part  which  was  hurt,  becomes  at  laft  like  the  other  Parts, 
or  like  what  it  felf  was  before. 

2.  When  the  Particles  which  are  changed  into  the 
fame  Nature  as  our  Body,  make  it  only  to  continue  in 
the  fame  State,  this  is  called  Nutrition  ;  but  when  they 
are  applied  in  fo  great  a  Quantity,  and  are  of  fuch  a  Sort, 
that  they  increafe  the  Bulk  of  it,  this  is  called  Growth. 

3.  I11  order  to  explain  how  this  Alteration  is  made  ;  all 
the  ancient  Phylicians,  and  fome  of  the  modern  ones, 
who  hold  that  Opinion  concerning  the  Motion  of-  the 
Blood  which  we  have  confuted,  teach ;  that  the  Blood 
when  it  is  got  to  the  Extremities  of  the  Branches  of  the 
capillary  Veins,  comes  out  of  them  and  changes  it  felf 
into  a  kind  of  Dew,  which  afterwards  thickens,  like  mo¬ 
derately  thick  Glue,  and  then  the  feveral  Parts  of  the  Body 
divide  it  amongft  themfelves,  every  one  attracting  to  it 
felf  that  which  it  wants,  and  converting  it  into  its  own 
Nature.  Thus  the  Flefh  attra&s  one  Part,  which  it  turns 
into  Flefh,  and  the  Bones  another  Part,  which  they  con¬ 
vert  into  Bones,  and  this  they  do  by  an  occult  Vertue, 
which  they  call  the  Attractive  or  ajfimilating  Vertue. 


4.  But 
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4.  But  fince  this  Opinion  appears  contrary  toReafon;  4-  Wherein 
becaufe  it  does  not  at  all  agree  with  what  was  above  de-  tbndf°f!an 
monftrated  concerning  the  Circulation  of  the  Blood  ;  nor  v*‘ 
does  it  in  the  leaf!  explain  how  the  venal  and  arterial 

Blood  are  converted  into  Dew,  and  then  into  Glue  ;  and 
becaufe  it  fuppofes,  that  every  Part  of  the  Body  is  indued 
with  an  attractive  or  ajfunilating  Vertue ,  which  is  what  I 
do  not  at  all  underftand ;  therefore  1  think  my  felf  obliged 
to  enquire  after  another  Explication  of  this  Alteration. 

5.  In  order  to  which,  we  need  only  to  confider  in  what  5.  Ho** 
State  the  Blood  is  when  it  comes  out  of  the  Heart  to  fill 

the  Arteries:  For  it  being  then  yery  much  thinned  and  are  per. 
dilated,  and  impelled  all  Ways- with  great  Violence ;  we  firm'd* 
cannot  but  think,  in  . the  firft:  Place,  that  fome  fmall  Part 
of  that  which  runs  into  the  capillary  Arteries,  gets  out  of 
them  through  an  infinite  Number  of  Pores,  which  are  in 
the  Skins  of  which  they  are  compofed,  and  which  open 
themfelves  at  every  Pulfe:  Further,  if  we  confider  alfo, 
that  thefe  Pores  are  fo  ftrait,  as  not  to  fuller  freely  all 
the  Parts  of  the  Blood  that  go  through  them  to  move  all 
Ways  indifferently;  we  jfhall  conclude,  that  they  are  car¬ 
ried  but  one  Way  only  ;  fo  that  by  following  one  another 
and  at  the  fame  time  touching  each  other,  they  compofe 
not  a  liquid,  but  fmall  Threads  only,  like  the  Fibres  of 
Flefh  :  And  thus  Nutrition  is  made,  when  that  which 
waftes  at  one  Extremity  of  the  Fibres  of  the  Flefh,  is  re¬ 
paired  by  an  equal  Quantity  of  Matter  joining  or  uniting 
it  felf  to  the  other  Extremity,  and  impelling  or  driving  the 
Fibres  before  it;  And  Grozvth  is  performed,  when  more 
new  Matter  is  added  than  is  wafted  away  of  the  old. 

J  . 


CHAR  XVII. 

Of  the  Animal  Spirits ,  and  of  the  Motion  of  the 

Mufcles . 

BESIDES  thofe  fenfible  Parts  of  our  Body  which  we  fbeJffrt 
have  taken  Notice  of,  there  is  yet  another  Sort  ot  J^mal 
Matter  not  to  be  perceived  by  the  Senfes,  which  is  like 
very  fine  and  much  agitated  Air,  and  which  Phyficians 
call  Animal  Spirits.  That  there  are  fuch  cannot  be  doubt¬ 
ed, 
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ed,  if  we  confider,  that  a  great  many  Parts  of  our  Bodies 
■will  fwell  all  on  a  fudden,  where  there  is  not  the  leaft  Suf- 
picion  of  the  Blood  running  in  to  produce  fo  quick  an 
Effect :  Now  this  cannot  well  be  afcribed  to  any  Thing 
elfe  but  to  a  very  fine  and  Very  much  agitated  Matter. 

2.  The  Ancients  thought,  that  the  Animal  Spirits  were 
made  out  of  fome  of  the  Arterial  Blood,  which  getting 
through  the  Carotides  into  the  Brain,  they  imagined  that 
the  Subftance  of  the  Brain  had  a  Power  to  convert  this 
Blood  into  Spirits.  But  we  mu  ft  acknowledge  that  this 
Dc&rine  is  very  obfcure  and  defective,  becaufe  it  does 
not  fhow  us  what  this.  Power  confifts  in,  ftor  what  the 
particular  Nature  of  thefe  Animal  Spirits  is. 

3.  That  we  may  make  this  matter  more  intelligible,  let 
us  confider,  that  the  Blood  being  heated  and  dilated  in 
the  left  Cavity  of  the  Heart ;  fome  of  its  Parts,  by  dafhing 
againft  each  other,  muft  be  made  fubtler  in  fuch  a  manner, 
and  acquire  fuch  fort  of  Figures,  as  will  enable  them  to 
move  more  eafily  than  others*  and  to  pafs  through  fuch 
Pores  as  the  other  will  not  pafs  through.  Thefe  moft 
fubtle  and  moft  agitated  Parts  come  out  of  the  Heart  a- 
long  with  thofe  which  are  not  fo  fubtle  noj  fo  much  agi¬ 
tated.  And  the  Difpofition  of  the  Aorta  is  fuch,  that 
whatever  goes  out  of  the  left  Cavity  of  the  Heart  tends 
diredtly  to  the  Brain ;  but  becaufe  there  is  a  very  great 
Quantity  of  thofe  Particles,  and  becaufe  the  Pafiages  of 
the  Brain  are  too  ftrait  to  receive  them,  therefore  the 
greateft  Part  of  them  are  forced  to  turn  and  go  another 
Way  ;  and  the  fineft  and  moft  agitated  Particles  only  can 
enter  into  the  Brain,  where  they  are  made  ftill  finer  and 
feparated  from  thofe  which  are  not  fo  fine.  Now  it  is  thefe 
Particles,  wdiich  are  made  thus  fine  and  feparated  from  the 
grolfer  Particles,  that  they  call  Animal  Spirits ,  to  the  pro¬ 
ducing  of  which  the  Brain  no  otherwife  conduces,  but 
only  like  a  very  fine  Sieve,  that  feparates  the  fineft 
Flower  from  the  coarfe. 

4.  After  we  are  once  convinced  that  there  are  Animal 
Spirits,  and  are  allured  that  the  Brain  is  the  Receptacle 
of  them  ;  there  is  nothing  obfcure  in  what  they  call  the 
motive  Faculty  or  the  Principle  of  the  feveral  Motions  of 
the  Members  :  For  it  is  eafy  to  apprehend,  that  when 
either  the  particular  Figure  and  Agitation  of  the  Particles 
which  compofe  thefe  Spirits,  or  the  external  Objedts  which 
aftedt  the  Organs  of  our  Senfes,  or  our  own  Inclination 
to  fuch  or  fuch  Motion,  determines  into  what  Nerve  thofe 
Spirits  lhall  enter  rather  than  into  any  other ;  they  will 

fooner 
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fooner  enter  into  that  particular  Nerve  than  any  other* 
which  confequently,  from  the  common  Structure  of  all 
the  Mufcles,  will  fwell  and  grow  fhorter,  and  then  the 
Tendon  muft  draw  Up  that  Part  of  the  Body  to  which  it 
is  fixed  ;  and  in  this  manner  it  is  that  our  Members  are 
moved. 

5.  Nor  is  it  neceflary,  that  every  Time  we  move  any  5.  That 
one  of  our  Members,  the  Brain  fhould  fend  a  large  Quan-  there  are  not 
tity  of  new  Spirits  into  the  Mufcle  which  ferves  to  pro- 
duce  this  Effed  :  For  each  Member  being  capable  of  be-  quirt'd  fcr 
ing  moved  two  contrary  Ways,  by  the  Mufcles  called  An-  afy 
tagonifls ,  we  muft  think,  that  when  the  Mufcle  which  ^  ’ 
ferves  for  one  of  the  Motions,  ceafes  to  ad ;  the  Spirits 
which  fwelled  it,  pafs  into  its  Antagonift  by  a  Dud  com¬ 
mon  to  them  both,  and  fo  helps  to  move  the  Member  : 

And  in  order  hereunto,  there  is  no  need  of  any  more 
Spirits  flowing  from  the  Brain,  than  is  neceflary  to  open 
and  fhut  the  Pafiages  of  this  Dud  conveniently,  and  to 
fupply  thole  Spirits  which  are  fo  attenuated  by  continual 
Agitation,  that  loling  the  Nature  of  Spirits,  they  fly  off 
through  the  Pores  of  the  Membrane  in  which  each 
Mufcle  is  contained. 

i  “ 

CHAP.  XVIII. 

Of  RESPIRATION. 

T  F  to  what  was  obferved  in  the  firft  Part  of  this  Trea-  *•  blow  Ref- 
^  tife,  (namely,  That  Refpiration  depends  upon  the  Adlion 
of  the  Mufcles  of  the  Breajfl  and  lower  Belly ,  which  by  fwel- 
ling  or  making  flat  the  Body ,  makes  the  Air  to  enter  in  or  ga 
out',)  We  add,  what  was  now  faid  concerning  the  Adion 
of  the  Mufcles ;  we  (hall  have  cleared  all  that  one  would 
,  defire  to  know  upon  this  Subjed. 

2.  However,  I  cannot  omit  one  Particular,  which  2.  Why 
though  of  no  great  Moment,  is  yet  worth  obferving  ;  and  e p 

that  is,  that  when  our  Mouth  is  open,  we  can  at  Pleafure,  pert,  we  can 
either  breath  through  our  Noftrils  without  breathing breatb  ei- 
through  our  Mouth,  or  breath  through  our  Mouth  with- 
out  breathing  through  our  Noftrils.  Now  in  order  to  fee  orNofnis* 
the  Reafon  of  thefe  two  Effeds,  we  muft  obferve,  that 
V  o  i.  II,  S  the  * 
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the  firft  depends  upon  this,  that  we  can  fo  draw  back  our 
Tongue  to  the  Bottom  of  our  Mouth,  as  to  hinder  the 
Air  from  entering  into  the  Lungs  that  Way,  as  much  as 
if  the  Mouth  were  quite  (hut ;  and  fo  it  is  forced  to  enter 
in  through  the  Noftrils.  The  fecond  depends  upon  this, 
that  we  can  make  fome  Pieces  of  Flefh,  which  are  at  the 
Bottom  of  the  Noftrils  on  t^he  Infide,  and  which  are  like 
Mufcles,  come  fo  clofe  together,  that  the  Air  not  being 
able  to  get  into  the  Lungs  that  Way,  is  forced  to  enter 
in  by  the  Mouth. 

3*  TkeUfe  The  Neceffity  of  Refpiration  appears  fufficiently  in 
tiJn.ra'  rn°ft  Sorts  of  Animals,  which  die  if  it  be  flopped  for  any 
time  ;  And  for  theUfe  of  it,  it  is  very  probable,  that  the 
Air,  by  getting  into  the  Arteria-afpera ,  cools  and  conden- 
fes  the  Blood  which  runs  along  in  the  Branches  of  the 
Artena-venofa ,  in  order  to  make  it  fit  Fewel  for  that  Sort 
of  Fire  which  is  in  the  left  Cavity  of  the  Heart,  and  that 
it  may  be  there  dilated  again  :  And  this  fame  Air,  when 
it  comes  out  of  the  Body  and  the  Lungs,  brings  along 
with  it  certain  Parts  which  are  purged  off  from  the  Blood 
as  it  runs  in  the  Branches  of  the  Vena-artertofa ,  and  Ar~ 
teria-vcnofa ,  which  are  as  it  were  the  Smoak  or  Soot  of 
the  Blood. 

4..  A  not  a-  4.  Infants  don’t  breath  at  all  whilft  they  are  in  their 

*tioRofwbat  Mother’s  Womb  j  and  the  Blood  which  is  once  heated 
ZpiTtn  in  the  right  Cavity  of  the  Heart,  not  being  cooled  by  Re- 
the  Fatut  fpiration,  cannot  be  proper  to  nourifht  that  Fire  which  is 
t&cfpiratiw  *n  left  Cavity:  Wherefore  Nature  has  provided 'a- 
e  °  *  gainft  this,  by  fo  ordering  it,  that  the  Blood  when  it  is 
once  heated  and  dilated  in  the  Heart,  fhould  not  enter  into 
it  again,  except  perhaps  in  a  very  fmall  Quantity  :  For, 
the  greateft  Part  of  the  Blood  which  goes  out  of  the 
right  Cavity  of  the  Heart,  paffes  immediately  out  of  the 
T runk  of  the  V ena-arteriofa  into  the  Aorta ,  whilft  other 
Blood  to  fupply  the  Defedt  of  this,  paffes  immediately  out 
of  the  Vena-cava  into  the  Trunk  of  the  A?'teria-venofay 
from  whence  it  flows  into  the  left  Cavity  of  the  Heart 
and  is  there  dilated. 

5.  Hi  no  5-  The  Holes  or  Channels  through  which  the  Blood. 

tb  fc  B‘rd%  paffes  in  this  manner  in  Children  before  they  are  born, 
’WtllhbeTVa  are  ^°PFec^  UP  by  Degrees  after  they  are  born  ;  becaul'e 
1>ta }  cln  con-  *bey  being  then  able  to  refpire,  the  Blood  which  comes 
tinue  a  long  out  of  the  right  Cav  ity  of  the  Heart,  is  fufficiently  cooled 
time  wt tout  and  condenled  before’it  enters  into  the  left  Cavity  to  nou- 
rifh  the  fi  ire  which  is  there.  The  fame  Thing  happens  to 
•the  greateft  Part  of  Beads ;  whereas  in  Aden,  for  want  of 

Ufe 
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Ufe,  thefe  Channels  are  flopped  up,  fo  that  in  fix  Weeks 
or  two  Months  after  they  come  into  the  W  orld,  there  does 
not  appear  any  Hole  or  Duds  at  all.  But  becaufe  there 
are  fome  Animals*  fuch  as  Ducks  and  Cormorants ,  which 
will  fometimes  continue  a  long  while  underWater,  where 
they  feek  for  Food,  and  where  they  cannot  breath  ;  in 
fuch  Creatures,  the  Holes  now  mentioned  are  not  flopped 
up,  but  they  make  ufe  of  them  all  their  Lives  *  which  is 
owing  either  to  their  conflant  ufing  of  them,  or  elfe  to 
the  particular  Nature  of  fuch  Animals,  "whereby  it  is  har- 
der  for  them  to  clofe  and  be  flopped  up. 

6 i  And  perhaps  thofe  famous  Divers  amongfl  the  And- 
ents,  concerning  whom  Hiflorians  relate.  That  they  con~£tr°£ 0j  ^ 
tinned  whole  Hours  under  the  IVater  to  the  Admiration  of 
all ,  were  of  fuch  a  wonderful  Conflitution  of  Body  pe¬ 
culiar  to  them,  that  their  Blood  kept  open  thofe  Paflages* 
that  it  might  run  in  them  when  there  was  Occafion,  as 
it  did  before  they  were  born,  and  as  it  does  in  the  Bodies 
of  Ducks  and  Cormorants. 


CHAP.  XIXj 

Of  Waking  and  Sleeping. 

THAT  which  Experience  principally  teache?  us  con-  '•  Of  iff 
cerning  Wakings  is,  that  we  ale  then  in  fuch  a  State, 
as  to  hear  the  Words  of  thofe  that  (peak  to  us,  to  fee 
the  bright  Objeds  that  are  before  our  Eyes  ;  in  a  Word, 
we  then  perceive,  in  all  the  feveral  Ways  that  we  are  ca¬ 
pable  of  perceiving,  when  any  Objeds  ad  with  iufficient* 

Force  upon  the  Organs  of  our  Senfes*  To  which  we 
may  add,  that  we  can  then  move  our  Bodies  alfo  feveral 
Ways  juft  as  we  pleafe,-  And  Sleep,  we  find  by  Expe¬ 
rience,  to  be  a  State  oppofite  to  this,  in  which  the  com¬ 
mon  Adions  of  external  Objeds  upon  the  Organs  of  our 
Senfes,  do  not  raife  any  Senfation  in  us,  and  during  which 
our  Bodies  appear  to  be  at  perfed  xleft. 

2.  In  order  to  account  for  thefe  two  States,  it  is  fufE-  2.  vPbat  be 
cient  to  confider,  that  Waking  confifts  in  this  ;  that 
Animal  Spirits  being  at  that  Time  in  great  Plenty  in  the 
Brain,  and  capable  of  being  eafily  determined  to  run  from 
VqI  tti  S  a  thence 
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thence  through  all  the  Nerves,  they  fill  them  in  fuch  a 
manner  as  to  keep  all  the  Capillaments  of  them  ftretched, 
and  diftinft  from  each  other.  For,  upon  this  Suppolition, 
it  is  eafy  to  apprehend,  that  if  any  Object  affe&s  any  Part 
of  our  Body,  the  Capillaments  of  the  Nerves  which  end 
in  this  Part,  can  tranfmit  the  Impreflion  which  they  re¬ 
ceive,  to  that  Place  in  the  Brain  which  immediately  ex¬ 
cites  a  Senfation  in  the  Soul.  It  is  alfo  eafy  to  conceive, 
that  the  Animal  Spirits,  being  then  fent  into  feveral  Muf- 
cles,  make  the  Parts  of  the  Body  into  which  thofe  Muf- 
cles  are  inferted,  to  move  feveral  Ways. 

3.  Wbat  2.  A  State  of  Sleep  being  oppofite  to  that  of  Waking, 
sietpconjijls  orc|er  t0  determine  what  it  confills  in,  we  need  only 

fuppofe  a  different  Difpofition  in  the  Brain  from  that  which 
caufed  Waking.  And  as  that  confifted  in  the  Quantity  of 
Spirits  ;  the  other,  for  the  contrary  Reafon,  ought  to  be 
caufed  by  a  Scarcity  or  Failure  of  Spirits  ;  fo  that  the 
Pores  of  the  Brain,  through  which  the  Spirits  ufually  run 
into  the  Nerves,  not  being  kept  open  by  the  continual 
flowing  of  the  Spirits,  fhut  up  of  themfelves.  The 
Confequence  of  which  will  be,  that  the  Animal  Spirits, 
which  were  in  the  Nerves  before,  being  diffipated,  and 
no  new  ones  flowing  in,  the  Capillaments  of  the  Nerves 
will  become  flack  and  foft  and  cleave  to  each  other.  And 
if  at  that  time  any  Objedf  makes  an  Impreflion  on  any 
Part  of  the  Body,  thofe  Nerves  cannot  tranfmit  it  to  the 
Brain  ;  whence  it  follows,  that  there  can.  be  no  Senfa- 
tion  :  F urther,  the  Mufcles,  which  are  then  void  of  Spirits, 
being  relaxed,  are  of  no  ule  to  move  the  Members  into- 
which  they  are  inferted ;  nor  can  they  any  more  contribute 
to  keep  the  Body  in  any  particular  Pofture,  than  if  they 
were  entirely  deftroyed. 

v/  b  4’  ^  d°fino  P°res  the  Brain,  which 

“'voluntary,  ' are  the  Orifices  of  the  Nerves,  and  coniequently  Sleep, 
follows  neceffarily  from  any  great  Lois  of  Spirits  :  But  if 
there  be  a  fufficient  Quantity  of  Spirits  in  the  Brain  which 
may  be  employed,  if  we  make  but  a  fmall  Effort,  to  the 
A&ions  of  Waking,  and  we  do  not  employ  them;  the? 
Beginning  of  fuch  Sleep  may  be  laid  to  be  voluntary. 
For  thus  we  fee,  that  aPerfon  who  finds  himfelf  difpo- 
fed  to  Sleep,  can  forbear  Sleeping  for  fome  time,  if  he 
.  will,  by  applying  himfelf  intently  upon  doing  fomething, 
and  employing  his  Animal  Spirits,  which  ctherwife  would 
be  employed  another  Way,  to  Actions  which  ferve  to 
keep  him  awaken 


5.  Since 
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5.  Since  the  Animal  Spirits  are  in  very  great  Agitation,  5*  Why  to* 
it  is  eafy  to  imagine,  that  if  they  are  not  employed  in  fj'suTpin^ 
keeping  us  awake,  but  remain  in  the  Blood,  they  muft 
increafe  the  Agitation  of  its  Parts.  And  becaufe  the  In*» 

creafe  of  the  Heat  of  the  Blood  and  of  that  of  all  the 
Members,  confifts  in  this  ;  it  follows,  that  if  we  fleep  in 
a  Bed  in  the.  Depth  of  Winter,  we  grow  warmer  than  if 
We  keep  our  felves  awake. 

6.  It  may  happen,  that  while  we  are  afleep,  fome  of  the  6.  TheCaufi 
Animal  Spirits  which  are  in  the  Brain,  may  fhake  fome  of  °f  Dreamt- 
the  Parts  of  the  Brain,  in  the  fame  manner  as  they  would 

be  lhaked  by  an  external  Objedt  affe&ing  the  Senfes  of  the 
Body.  And  in  this  Cafe,  there  will  be  a  Senfation  raifed  in 
the  Soul,  and  fuch  a  Sort  of  Perception  as  we  call  a  Dream. 

7.  And  becaufe  thofe  Parts  of  the  Brain  which  are  ufed  7.  Why  w* 
to  be  fhaken  by  the  A&ion  of  fome  external  Objedt  upon 

them,  are  more  eafily  agitated  than  thofe  which  are  al-  but^batw* 
wavs  at  reft;  therefore  thefe  are  commonly  put  in  Mo-  have  fan 
tion  by  the  Animal  Spirits  when  we  are  afleep ;  which  «*«««***• 
is  the  Reafon  why  we  fcarce  ever  dream  of  any  Thing  in 
our  Sleep,  but  what  we  have  feen  when  awake. 

8.  And  becaufe  the  great  Variety  of  Objects  which  we  Why 
have  taken  Notice  of  in  the  Courfe  of  our  Lives,  hath 
agitated  the  Parts  of  the  Brain  in  very  different  Manners  ;  dfaderiy • 
it  would  be  a  Wonder,  if  in  our  nightly  Dreams,  the  A- 

nimal  Spirits  fhould  at  any  Time  move  them  otherwife 
than  as  if  partly  one  Objedt  were  prefent,  and  partly  as 
if  another  were  prefent ;  And  thus  the  Perception  raifed 
in  the  Soul,  may  fometimes  be  the  Head  of  a  Lyon  upon 
fhe  Body  of  a  Goat ;  that  is  to  fay,  it  is  very  hard  for  our 
Dreams  to  be  at  any  time  regularly  and  orderly. 

9.  The  Nature  of  Sleep  being  fuch  as  we  have  now  de-  9*  any 
fieri  bed  ;  it  is  evident,  that  it  may  be  interrupted,  if  any  *akeJrfm 
of  our  Qrgans  of  Senfe  be  fo  fhaken,  that  the  Impreftion  steep. 
made  upon  it,  extends  to  the  Brain:  For  in  this  Cafe,  thofe 

few  Animal  Spirits  which  remain  in  the  Brain,  and  thofe 
which  flow  thither  without  Interruption,  may  be  employ’d 
to  drive  away  Sleep.  .  , 

'  10.  But  if  no'Qbjea  fhould  a&  thus  ftrongly  upon  the  'fauJ”fa. 

Organs  of  the  Senfes,  yet  Sleep  muft  neceflarily  end  alter  wakin^jrom 
a  certain  Time.  For  the  Animal  Spirits  which  are  pro-  Steep. 
duced  in  Sleep,  will  in  d  ime  become  fo  plentiful,  that 
they  will  be  able  of  themfelves  to  open  the  Orifices  of 
the  Nerves,  and  to  fill  them  fo  much  as  is  neceflary  to  dil- 
engage  the  Capillaments,  and  make  them  occaiion  the 

Soul  to  feel  Objedls  which  touch  the  Body,  Thus  a  Man 
T*  ■  •  •  J  5  ^  that 
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that  is  aileep  in  his  Bed,  may  be  awaked  by  the  Senfatiom 
which  is  raifed  in  him  by  the  Hardnefs  of  the  Mattrefs  on 
which  he  lies,  or  by  the  Sheets  being  ruffled  ;  or,  as  it 
very  often  happens,  by  the  Senfation  or  Motion  which 
we  may  have  to  go  to  Stool. 


C  HAP.  XX. 


Of  the  Concoction  of  MEAT, 


I.  That  the 
Blood  is 
madt  out  of 
the  Food, 


7£e  Op't~ 
r.ion  of  the 
jlntitnti  a- 
bout  Con * 
cobiion. 


*  1  be  Fault 
of  their  Ofi. 
Ti.on, 


O  I  N  C  E  fome  Part  of  the  Blood  is  perpetually  con*- 
^  verted  into  Animal  Spirits,  as  was  juft  now  explained  ; 
and  a  much  more  confiderable  Part  is  employed  tonourifti 
or  augment  the  Body,  it  muft  'neceflarily  at  laft  be  all 
dried  up,  if  there  were  not  a  Supply  of  new.  Further, 
every  one  knows,  and  the  continual  Appetite  which  we 
have  for  Food,  does  moreover  {how,  that  it  is  that  which 
Supplies  this  Lofs,  and  furnifhes  this  Want,  by  bein^ 
changed  and  converted  into  Blood ;  but  it  is  not  fo  eafy 
to  tell  how  fuch  a  wonderful  Change  is  made. 

2.  Daily  Experience  teaches  us,  that  after  the  Victuals 
are  in  a  grofs  Manner  ground,  bruifed,  and  divided  by  the 
Teeth,  and  moiftened  with  the  Spittle,  they  go  down  into 
the  Stomach,  where  they  continue  to  be  divided  into  ftili 
fmaller  Parts.  This  fecond  Divifion,  which  fo  alters  the 
Condition  and  Form  of  the  Food  that  we  don’t  know  it 
again,  is  what  we  call  Concoction ,  which  the  Antients 
thought  was  performed  by  the  Heat  of  the  Ventricle  only. 

3.  We  may  venture  to  affirm, 'that  the  Antients  would 
not  have  taught  this  Opinion  but  for  want  of  a  better :  Not 
that  it  appeared  to  them  defective  for  want  of  fufficient 
Proofs ;  tor  the  Authority  of  them  that  advanced  it,  was  an 
undeniable  Proof  according  to  the  Cuftom  of  thofeTimes, 
when,  in  order  toeftablifh  any  Opinion,  it  was  fufficient 
to  fay,  that  fuch  an  one  wTas  the  Author  of  it.  But  that 
which  created  a  Difficulty,  even  to  them,  was;  that  they 
faw  a  great  many  Animals,  in  whofe  Ventricle  they  could 
not  obferve  any  Heat;  as  for  Inftance  in  Fifties,  which 
notwithftanding  did  not  want  Conception,  nay,  had  as 
good  a  one,  as  thofe  where  the  Heat  is  greateft  of  all. 
Wherefore,  that  they  might  not  beat  a  ftand,  at  aTime 
when  Ehilofophers  had  theVariity  to  declare,  that  there  wras 


not 

v 


Chap.  20.  of  Natural  Philosophy.  279 

not  any  Thing  that  they  did  not  underftand ;  they  found 
out  a  Way  to  get  rid  of  this  Difficulty,  by  faying,  that  the 
Heat  which  ferved  to  concodf  Food,  was  a  particular  ex¬ 
traordinary  Heat,  not  at  all  like  that  which  we  perceive 
by  our  feeling.  But  this  is  a  meer  Sophifm  ;  for  it  figni- 
fies  no  more  than  to  fay,  that  the  Concodtion  of  Food  is 
caufed  by  fomething  we*  do  not  at  all  know  what,  which 
we  call  Heat. 

4.  That  the  Miftakeof  theAntients  might  appear  more  4-  TZatCon* 
plain,  I  have  oftentimes  made  the  following  Experiment,  ^fonntdbj 
I  procured  a  certain  Quantity  of  thofe  fmall  Bones  which  the  Heat  of 
are  at  the  extreme  Parts  of  thofe  Sheeps  Feet  which  tbeStomacO 
they  fell  about  half  boiled  ;  Part  of  thefe  I  put  into  a  Pot  °r^' 
almoft  full  of  Water,  and  boiled  them  over  the  Fire  f<^r 

near  three  Hours  ;  after  which  the  Bones  did  not  appear 
to  be  at  all  changed  ;  I  gave  the  other  Part  of  them  at 
the  fame  time  to  a  great  Dog,  who  devoured  them  im¬ 
mediately,  and  in  three  Hours  I  found  thefe  Bones  almoffi 
entirely  concodted.  Now  the  contrary  ought  to  have  hap¬ 
pened,  if  the  Concoction  had  been  caufed  by  the  Heat 
onlyj  for  the  Heat  in  the  Pot  was  much  greater  than 
that  in  the  Dog’s  Stomach  :  Hence  we  may  conclude, 
that  Concodlion  is  not  performed  in  the  manner  the  An- 
tients  taught. 

5.  The  modern  Chy miffs  have  paved  the  Way  to  the  5*  TBatthf 
Difcovery  of  this  Truth.  For  they  have  fhown  in  the 

firft  Place,  that  Liquids  are  the  molt  effectual  Caufes  of 
the  Diflblution  of  hard  Bodies ;  and  that  there  are  fome 
Sorts  of  Aqua-Fortis  proper  to  diftolve  fome  Bodies,  and 
other  Sorts  proper  to  diftolve  other  Bodies.  It  is  there¬ 
fore  very  reafonable  to  think  ;  that  after;  the  Food  has 
been  bruifed  and  divided  in  the  Mouth,  it  is,  as  we  Lid 
before,  fwallowed  down  into  the  Stomach,  after  it  is  well 
mixed  with  the  Spittle,  which  by  the  Motion  of  its  Parts 
while  it  continues  a  Liquid,  ferves  like  Aqua-- Fortis  to  dif- 
folve  it  further  than  the  Teeth  could  do.  And  this  is  con¬ 
firmed  from  hence,  that  the  Food  is  much  eafier  to  con- 
co cl,  if  it  be  well  chewed  and  mixed  with  a  good  deal  of 
Spittle,  than  if  it  be  lefs  chewed  and  fwallowed  down 
into  the  Stomach  almoft  dry. 

6.  But  this  is  not  at  all.  For  there  are  a  great  many  6 .Of  an. 
Branches  of  Arteries,  the  Extremities  of  which  are  in  the rber  Ll?urjr- 
Infide  of  the  Stomach  ;  from  fome  of  which  there  ge-  into  the  S(Q“ 
nerally  diftills  another  Sort  of  Aqua-Fortis  much  ftronger  macb. 
than  the  other,  which  mixing  with  the  Spittle,  helps  it  to 
diftolve  the  Victuals,  and  indeed  does  the  moft  towards  it. 
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To  which  we  may  add  further,  that  we  may  not  wholly 
difagree  with  the  Antients,  that  thefe  two  Sorts  of  Li¬ 
quors,  in  Man  and  in  the  greateft  Part  of  Animals,  re¬ 
quire  Heat  in  the  Stomach,  in  order  to  difiolve  the  Vic¬ 
tuals  contained  in  it. 

7.  The  Victuals  after  being  thus  diflolved,  go  into  the 
Inteftines,  where  it  may  be  faid,.  that  a  fecond  or  a  third 
Concodlion  is  made  :  For  the  Gall  which  continually  di- 
ftills  into  them,  and  which  tin&ures  the  Victuals  almoft 
as  foon  as  they  come  out  of  the  Stomach,  finifhes,  as  the 
laft  DifTolvent,  what  the  proceeding  ones  only  began. 

8,  If  what  I  have  faid  concerning  the  Gall  does  not  a- 
gree  with  the  Opinion  of  fome  Phyficians,  who  think  that 
the  Gall  is  nothing  but  an  Excrement  and  of  no  ufe  in  the 
‘Body,  I  {hall  not  be  very  uneafy  at  that  ;  becaufe  their 
Opinion  is  fo  far  from  being  fupported  by  Reafon,  that  it 
is  dire&ly  contradi&ed  by  it.  And  indeed,  if  the  Gall 
were  only  a  meer  Excrement,  it  is  very  probable,  that 
Nature  would  rather  have  placed  it  at  the  further  End  than 
at  the  Beginning  of  the  Inteftines  :  For  if  their  Opinion 
be  true,  it  ferves  only  to  taint  the  Victuals  as  foon  as  it 
comes  out  of  the  Stomach,  before  it  has  furnifhed  what  is 
neceftary  to  nourilh  the  Body. 


CHAP.  XXI. 

j"':  .  *•..  < 

Of  the  Motion  of  the  Chyle . 

T  N  what  manner  foever  the  Victuals  are  prepared,  when 
1  they  enter  into  the  Inteftinesy  it  is  very  certain,  that 
that  Part  which  is  feparated  from  them  in  order  to  be  con¬ 
verted  into  Blood,  muft  be  very  fluid,  becaufe  the  Paflages 
it  goes  through  are  fo  fmall  as  not  to  be  difeovered  by  the 
Eye.  This  Liquor  is  what  we  call  the  Chyle  which  is  fe- 
parted  (whatever  the  Caufe  of  that  Separation  be)  from 
the  other  Matter  which  is  more  grofs,  and  muft  go  fome 
Way  to  that  Part  of  the  Body  where  it  is  to  be  converted 
into  Blood. 

2.  The  Antients,  who  made  Fnquiry  arter  thefe  two 
Things,  imagined  that  the  Chyle  was  drawn  out  of  the 

Inteftinei  * 
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Inteftines  by  the  Extremities  of  the  Branches  of  the  Vena- 
J?ortay  to  which  they  afcribed  a  Power  of  fucking.  That 
after  this,  the  Chyle  continued  to  run  towards  the  Liver, 
by  which  it  is  likewife  attra&ed,  and  into  the  Subftance 
of  which  it  enters,  and  that  at  laft  the  Liver  converts  it 
into  Blood. 

3.  Though  this  Opinion  was  received  in  the  Schools  3\7^  / 
for  a  long  time,  yet  were  they  forced  to  reject  it  at  laft  ;  Zs'coJrZZy 
becaufe  no  Body  understood  what  thatVertue  of  lucking  to  Rrafw, 
was  which  they  afcribed  to  the  mefentery  Veins  ;  nor 

what  that  Vertue  of  attracting  the  Chyle  and  converting 
it  into  Blood,  confifted  in,  which  they  afcribed  to  the 
Liver ;  but  chiefly  becaufe,  according  to  that  Opinion, 
the  Chyle  muft  run  from  the  Inteftines  to  the  Liver, 
through  thofe  Veins  which  they  affirm,  carry  the  Blood 
at  the  fame  Time  with  a  contrary  Motion  from  the 
Liver  to  the  Inteftines,  which  without  doubt  is  contrary 
to  common  Senfe  and  Reafon. 

4.  Indeed  fince  it  has  been  foupd  out,  that  the  Blood  4.  Tb, *c 
circulates  and  runs  out  of  the  Branches  of  the  coeliack  Ar-  thi* is  be; 
,tery  into  the  Veins  of  the  Mefentery,  and  fo  is  carried  /hceZs 
from  the  Inteftines  to  the  Liver ;  it  is  rightly  judged,  Circulation 
that  the  Blood  is  fo  far  from  hindring  the  Motion  of  the  °fthe 

,  ,  .  ‘  °  ,  ivas  known. 

Chyle,  that  it  cannot  but  contribute  to  make  it  move  the 
eafier. 

5.  But  though  the  great  Difficulty  which  was  found  in  s.  nat  tbe 
the  Opinion  of  the  Antients,  was  hereby  removed  ;  yet  Oifcovery 
the  Difcovery  which  was  fometime  fince  made  of  the 
iatfeal  Veins ,  in  which  the  Chyle  appears  vifibly  to  be  caufed  it  t* 
contained,  has  caufed  it  to  be  entirely  rejected  ;  And  ex-  be  entirely 
cept  fome  few  of  our  old  Phyficians,  who  can’t  bear  to  reju’s  “ 
alter  their  Opinions,  there  is  none  at  this  Day  but  hold, 

that  the  Chyle  does  not  enter  into  the  mefentery  Vciiys 
at  all,  but  only  into  the  lacteal  Veins. 

6.  And  there  being  yet  no  Doubt  concerning  the  Place  6.  Tot  fir* 

where  the  Blood  is  made  ;  they  ftreight  concluded  that  the  GP‘nton 
lacteal  Veins  did  ferve  as  Channels  to  carry  the  Chyle  cZiJe  cf  the 
directly  from  the  Inteftines  to  the  Liver.  Chyle. 

7.  However  they  were  forced  to  reject  this  Opinion  7*  lbat  :be 
alio,  upon  finding  by  Experience;  that  when  the  Liver  „otg0  to  the 
of  a  live  Animal  is  cut  out  of  the  Body,  the  la<5teal  Veins  Liver  at  ail. 
do  not  empty  themfelves  at  all.  For  it  is  certain,  that  if 

the  Chyle  went  diredfly  to  the  Liver,  thofe  Veins  ought 
to  grow  empty,  becaufe  all  the  Pafiages  through  which  it 
goes  would  be  cpm. 

m  8.  During 
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8.  During  this  Uncertainty  of  the  Courfe  which  the 
Chyle  did  take ;  Mr.  Pecquet  thought  of  a  Method  of 
putting  this  Matter  pall  all  Difpute.  It  is  an  Experiment 
which  he  has  made  and  {hown  a  great  many  Times,  and 
which  difcovers  the  Courfe  of  the  Chyle  fo  as  it  may  be 
feen  with  the  Eye.  The  two  fubclaviary  Veins  mull  be 
tied  a  little  above  the  Place  where  they  difcharge  them- 
felves  into  the  Vena~cava  ;  that  there  may  be  no  Commu^ 
nication  betwixt  that  Part  which  is  above  the  Ligatures,  f 
and  that  Part  which  is  below  them  ;  then  having  opened 
the  right  Cavity  of  the  Heart,  all  the  Blood  which  is 
beneath  the  Ligatures  mull  be  let  out  and  carefully 
wiped  up  with  a  Sponge ;  after  which,  having  firft  fqueezed 
the  ladleal  Veins,  then  the  Receptacle  of  the  Chyle,  and 
laft  of  all  the  Ducft  which  goes  a]$>ng  the  Vertebrae,  thefe 
Veflels  will  grow  empty  one  after  another,  and  you  will 
fee  all  the  Chyle  go  into  the  right  Cavity  of  the  Heart. 
And  this  made  us  think,  though  we  expelled  another 
Paflage,  that  all  the  Chyle  pafles  from  the  Inteftines  into 
the  ladleal  Veins  ;  and  from  thefe  Veins  into  the  Recep¬ 
tacle,  and  from  thence  into  the  fubclaviary  Veins,  where 
it  mixes  with  the  Blood,  and  goes  diredlly  to  the  Heart. 

9.  Nor  is  it  at  all  neceflary,  in  Order  to  explain  how 
the  Chyle  comes  out  of  the  Inteftines,  to  afcribe  a  Power  of 
fucking  to  the  ladteal  Veins  as  the  Antients  did  to  the 
mefentery  Veins.  It  is  fufficient  to  imagine,  what  is 
agreeable  to  R.eafon  and  Experience ;  that  every  Thing 
which  is  in  the  Inteftines  is  in  a  continual  Fermentation 
or  Agitation,  which  makes  all  the  Parts  to  have  a  Ten-* 
dency  to  dilate  themfelves  every  Way.  For,  upon  this 
Suppofition,  it  is  eafy  to  apprehend,  that  the  fineft  Parts, 
which  are  the  moft  proper  to  make  Chyle,  get  through 
the  Pores  of  the  Inteftines  and  fo  enter  into  the  ladteal 
Veins. 

10.  The  Courfe  of  the  Chyle  was  for  a  long  Time 
fhown  by  Experiments  in  Beads  only,  which  gives  Occa- 
fion  to  them  who  are  ftill  of  the  Opinion  of  the  Antients, 
to*contend,  that  it  does  not  move  in  the  fame  Manner  in 
Men.  However  this  Matter  is  now  put  paft  all  Difpute 
by  an  Accident  that  has  happened.  Two  drunken  Soldiers 
having  quarrelled  and  fought  together,  and  one  of  them 
being  very  much  wounded,  was  carried  to  a  Surgeon, 
but  was  juft  dead  when  he  got  thither.  This  Surgeon 
(Mr.  Gaian)  who  i$  very  well  skilled  in  Anatomy,  kept 
the  Body,  and  femetime  after  having  dilTedled  it,  he 
{hewed  the  Motion  of  the  Chyle  #}  be  the  fame  in  Men 


as 
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as  in  Beafts.  Several  Perfons  were  fucceflively  Witneffes 
to  the  Experiment ;  And  when  the  Chyle  would  not  laft 
any  longer,  he  fupplied  the  Want  of  it,  by  putting  the 
End  of  a  fmall  Syringe  into  the  Receptacle  and  inje&ing 
%me  Milk  ;  for  by  that  Means  they  faw  it  difcharge  it 
ielf  into  the  right  Cavity  of  the  Heart,  the  fame  as  the 
Chyle  did.  If  this  Experiment  be  not  fufHcient  to  fhew 
the  Courfe  of  the  Chyle  in  the  Body,  I  know  of  no 
Means  that  there  can  be  of  demonftrating  it. 


**3 


CHAP.  XXII. 

How  the  Blood  is  made . 


T  F  what  has  been  faid  concerning  the  Courfe  of  the 

Chyle  be  granted,  the  Opinion  of  the  Antients,  that 
the  Blood  is  made  in  the  Liver,  appears  manifeftly  falfe  : 
And  there  will  be  no  Room  to  doubt  but  that  the  Chyle 
is  converted  into  Blood  in  the  Heart. 

2.  As  to  the  Manner  in  which  the  Chyle  is  converted 
into  Blood,  I  {hall  not  fay  of  the  Heart  what  is  ufually 
faid  of  the  Liver,  viz.  that,  being  it  felf  red,  it  commu¬ 
nicates  its  Rednefs  to  the  Chyle  :  For  this  is  not  at  all  ne- 
ceffary  ;  for  we  very  well  know,  that  a  Chicken,  which 
has  Blood  in  its  Arteries  and  Veins,  is  generated  from  a« 
Egg,  the  Shell  of  which  is  white,  the  White  of  the  Egg 
tranfparent,  and  in'  which  there  is  no  Red  at  all.  I  think 
therefore,  that  it  is  more  probable,  that  the  Chyle  be¬ 
comes  red  by  the  Alteration  which  the  Ebullition  it  ac¬ 
quires  in  the  Heart  makes  in  the  Figure  and  Difpofition 
of  its  Parts.  So  that  the  Heart  contributes  no  more 
to  the  making  of  the  Blood  then  a  Kneading-Trough  does 
to  the  making  of  Pafte. 

3.  According  to  the  different  Conftitutions  of  Men, 
the  Chyle  is  converted  into  Blood  fooner  in  fome  Per¬ 
fons  than  in  others.  And  there  are  fome,  who  have  no 
fooner  eaten,  but  we  may  perceive  by  very  vifible  EffetSls, 
that  Part  of  the  Food  is  concodkd,  and  the  Juice  got  in¬ 
to  the  Heart;  For  that  Difpofition  to  fieep  which  they 
have  immediately  after  eating,  cannot  reafonably  be  af- 
cribed  to  any1  Thing  elfe  but  the  Want  of  animal  Spi¬ 
rits^  which  do  not  then  breed  in  fo  gre^t  Plenty  in  the 
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Heart,  becaufe  the  Blood  which  palTes  through  it  at  that 
Time  is  become  too  grofs  and  cool  by  the  Chyle’s  mixing 
with  it. 

CHAP.  XXIII. 

Of  the  EXC  RE  ME  NTS. 

CINCE  we  are  affured  that  all  the  Parts  o£  the  Food 
M  that  we  take  are  not  converted  into  Chyle,  but  that 
a  great  deal  of  it  become?  an  ufelefs  Excrement ;  it  is  ve¬ 
ry  reafonable  t.Q  think  alfo,  that  all  the  Chyle  is  not  con¬ 
verted  into  Blood,  nor  all  the  BlGod  applied  to  the  Nou- 
rifhment  of  our  Bodies  :  So  that  there  are  feveral  Sorts  of 
Excrements ,  and  of  a  very  different  Nature,  which  are 
alfo  feparated  in  feveral  different  Manners  from  the  Body  j 
And  indeed  we  may  affirm  ^  that  there  is  no  Part  of  the 
Body  but  what  will  become  at  laft  an  Excrement  ;  be¬ 
caufe  there  is  no  Part  which  at  fome  Time  or  other  will 
not  be  feparated  from  the  Body,  feeing  it  is  ip  perpetual 
Change,  and  fubfdis  by  fuch  Change. 

2.  The  Parts  of  the  Food  which  are  not  converted 
into  Chyle,  being  groffer  and  not  fo  fluid  as  the  Chyle, 
cannot  pafs  along  with  it  into  the  la^eal  Veins,  but  are 
difeharged  by  an  Inteftine  appointed  for  that  Purpofe,  But 
it  is  not  thus  with  the  Chyle  in  Refpe^t  to  the  Blood  ; 
for  both  thefe  being  equally  fluid,  we  may  very  well  ima¬ 
gine,  that  all  the  Parts  of  the  Chyle  which  aye  not  con¬ 
verted  into  Blood,  and  which  confequently  are  a  Kind 
of  Excrement,  follow  it  every  where,  fo  that  they  ga 
together  all  the  Way.  And  this  is  the  Reafon  why  the; 
Antients,  who  believed  that  the  Blood  was  made  in  the 
Liver,  affirmed  ;  that  at  the  making  of  the  Blood  thq 
Excrement  of  it  were  carried  from  the  Liver  through 
all  the  Veins  ;  but  that  fome  Part  of  them  was  attracted 
by  the  Kidneys  in  Order  to  make  Urine  ;  .and  the  other 
Part  went  off  in  Sweat  through  all  the  Parts  of  the 
Body  indifferently. 

3.  This  Opinion  appeared  very  plaufible,  both  becaufe 
the  Blood  which  is  let  out  of  the  Veins,  il  it  be  left  to 
fettle  a  little,  is  found  to  be  full  of  a  certain  Serum  which 
very  much  reft  moles  Urine;  and  alfo  becaufe  the  Kidneys 

are 


Chap.  23.  c/Natural  Philosophy. 

are  placed  juft  by  the  Extremities  of  the  emulgent  Veins 
and  Arteries,  through  which  we  conceive  the  Parts  of 
the  Urine  are  able  to  pafs.  And  though  fome  Perfons 
rejedfed  this  Opinion  at  firft,  and  feemed  confounded  at 
it,  becaufe  it  fuppofed  an  unintelligible  Attra&ion,  the 
Sphere  of  whofe  Activity  reached  from  the  Kidneys  to 
the  extreme  Parts  of  the  Body  ;  yet  this  Difficulty  feemed 
to  be  taken  off  by  the  Difcovery  of  the  Circulation  of 
the  Blood.  For  they  imagined  that  as  the  Blood  pafled 
continually  out  of  the  Artery  into  the  emulgent  Vein,  the 
Parts  of  the  Urine  which  are  mixed  with  it  there,  might 
difcharge  themfelves  through  fuch  Pores  as  would  carry 
them  to  the  Kidneys.  Nor  was  there  any  further  Need 
of  aferibing  any  attractive  Vertue  to  the  Kidneys,  becaufe 
the  Urine  may  get  thither  in  the  fame  Manner,  as  the 
Meal  does  through  the  Holes  of  a  Sieve  into  the  Baker’s 
Trough,  though  there  be  no  attractive  Vertue  in  it.  And 
thus  this  Opinion  had  all  the  Appearance  of  Truth  in 


it. 

4.  But  fmee  Philofophy  began  to  be  improved  with  4»  That  it 
greater  Diligence  than  formerly,  and  Nature  has  been 
more  exactly  enquired  into  ;  though  it  is  believed  that  fime  Paffage 
the  Urine  does  go  that  Way  which  we  juft  now  mentio UfortbeUrmt 
ned,  yet  they  begin  to  fufpeCt  that  there  is  another  Way 
befides,  through  which  it  gets  into  the  Kidneys  and  then  know, 
into  the  Bladder.  The  Reafons  for  this  feeintobevery 
ftrong.  For  Firji^  we  find  that  if  a  Perfon  be  let  Blood 
immediately  after  having  eaten  Garlick  or  Sparagrafs  ;  nei¬ 
ther  the  Blood  nor  the  Serum  will  fmell  of  it  as  the  Urine 
does  ;  which  it  ought  to  do  if  the  Urine  were  only  the 
Serum  of  the  Blood.  Secondly ,  It  is  very  difficult  to  con¬ 
ceive  how  they  who  drink  any  large  Quantity  of  Water, 
efpecially  any  Mineral  Water,  fhould  have  it  get  through 
them  fo  foon,  if  it  does  not  go  into  the  Bladder  fome 
fhorter  way  than  that  which  I  have  mentioned.  I  forbear 
taking  Notice  of  what  Alteration  and  Change  it  muft 
make  in  the  Motion  of  the  Heart,  and  Temperature  of 
the  whole  Body,  by  paffing  through  the  Heart  in  fo  large 
a  Quantity  as  it  muft  do.  And  further  yet,,  it  has  not 
been  hitherto  obferved  that  the  Serum  of  the  Blood  is  al¬ 
ways  tranfparcnt,  and  exaCily  of  the  fame  Colour  with 
the  Urine.  All  thefe  Reafons  have  cau fed  the  Phyficians 
to  begin  to  fufpedt,  and  to  propofe  the  following  Quefti- 
on  to  be  debated,  viz.  Whether  the  Urine  be  notan  Ex¬ 
crement  of  the  firft  ConccCfion,  that  is,  fuch  as  aiifes 
from  the  Preparation  of  the  Chyle  only,  and  not  from 
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the  Converfion  of  the  Chyle  into  Blood.  As  for  my 
felf,  I  think  this  Sufpicion  is  very  well  grounded  ;  and  I 
am  very  much  inclined  to  think,  that  there  is  fome  Paf- 
fage,  through  which,  Part  of  the  Urine  may  pafs  out  of  x 
the  Receptacle  of  the  Chyle  immediately  into  the  Kid¬ 
neys.  But  becaufe  I  have  not  yet  met  with  any  Experi¬ 
ment  to  confirm  this  Conjecture,  I  fhall  determine  no¬ 
thing  further  about  it. 

5.  As  to  the  Paffages  out  of  the  Cavity  of  the  Ureters 
into  the  Bladder,  though  they  are  not  at  all  vifible,  as 
was  obferved  before,  yet  we  are  fure  that  their  Con- 
ftrueffion  is  fuch,  as  that  they  have  fmall  Valves  which 
will  permit  the  Urine  to  go  down  into  the  Bladder ,  and 
not  fuffer  it  to  return  into  the  Ureters  again.  For  if  a 
Bladder  be  taken  out  of  the  Body  of  an  Animal,  and 
filled  full  of  Water,  there  will  not  run  a  Drop  of  it  out 
for  a  great  many  Days,  that  is,  till  it  is  decayed  ;  whereas 
if  the' Infide  be  turned  outwards  and  then  it  be  filled 
with  Water,  it  will  all  run  out  in  two  or  three  Hours. 

6.  The  Particles  of  Sweat  difeharge  themfelves  from 
the  Blood,  at  the  Time  that  it  gets  out  of  the  Pores  of 
the  Arteries  to  caufe  Nutrition,  and  it  flies  quite  off  from! 
the  Body  by  the  fmall  Spaces  which  are  between  the 
Fibres  of  the  Flefh. 

7.  It  is  highly  probable  that  the  Matter  of  Sweat  is 
the  fame  as  that  of  Urine  ;  for,  befides  finding  the  fame 
Sort  of  Salt  in  Sweat  that  we  do  in  Urine  ;  we  alfo  fee 
that  the  more  Sweat  there  is,  the  lefs  is  the  Urine . 


CHAP.  XXIV. 

Of  Hunger  and  Thirft, 


TlUnger  and  Thirft  are  two  Senfations  or  two  natural 
Appetites  which  are  excited  in  the  Soul  from  Time 
to  Time  by  the  Adfion  of  the  Nerves  of  the  Stomach 
and  Throat.  And  in  order  to  fee  how  this  is  done,  we 
muff  obferve,  that  when  the  Stomach  is  empty,  that  is, 
not  filled  with  Victuals  to  caufe  Nourifhment ;  then  the 
Liquor  which  conffantly  defeends  from  the  Arteries  into 

the. 


J  *  •  /"■ 

Chap.  25.  ^/Natural  Philosophy.  2S7 

the  Stomach,  and  which  commonly  ferves  to  digeft  the 
Vi&uals  which  are  there,  finding  nothing  for  them  to  ad 
upon,  agitate  and  fhake  tha-  Nerves  of  the  Stomach  ; 
which  Motion  being  carried  to  the  Brain,  excites  in  the 
Soul,  the  Senfation  or  Appetite  of  Hunger ♦ 

2,  And  if  the  Humour  which  conftantly  afeends  from  2' 
the  Stomach  to  the  Throat,  in  the  Form  of  a  moift  and  rJ/tdinut* 
grofs  Vapour,  in  order  to  keep  the  Parts  as  moift  as  is 
proper  for  the  Good  of  the  Body,  be  too  much  heated 
and  in  too  great  Agitation  ;  either  becaufe  it  is  not  tem¬ 
pered  with  fome  other  Liquor,  or  becaufe  the  Heat 
which  is  all  over  the  Body  increafes  the  Agitation  of  it, 
or  any  other  Caufe  whatfoever ;  fo  that  it  afeends  in  the 
Form  of  Air  or  of  fome  very  fine  Vapour  $  then  inftead 
of  moiftening  and  cooling  the  Throat,  it  will  heat  and 
dry  it  ;  and  this  will  caufe  a  Motion  in  the  Nerves, 
proper  to  excite  in  us  the  Senfation  of  Thirft. 

CHAP.  XXV. 

Of  Sicknefs  and  Health. 

7TE  ALT  H  is  a  particular  Difpofition  of  the  Body  u  What 
whereby  it  is  enabled  readily  to  perform  all  the  Du-  Health  is. 
ties  belonging  to  it. 

2.  T wo  Things  generally  go  to  this  Difpofition ;  name-  a.  Wbat  is 
ly,  a  fit  Conftrufiion  of  the  Parts ,  and  a  juft  Te??iperature  conMs  iri* 
§f  them.  Which  two  Things  come  pretty  near  to  one 

and  the  fame.  For  by  the  Word  Temperature  we  mean 
a  particular  Mixture  and  Combination  of  Qualities ;  and 
by  all  that  has  been  faid  in  feveral  Places' in  tnis  Treadle, 
it  is  evident,  that  what  we  call  a  Quality,  is  nothing  elfe 
but  a  particular  Difpofition  and  Texture  of  fmall  imper¬ 
ceptible  Parts ,  which  compofe  the  larger  vifible  Parts 
•  of  the  Body. 

3.  Sicknefs ,  on  the  contrary,  is  a  particular  Difpofition  y  What_ 
of  the  Parts  of  the  Body,  which  renders  them  incapable  s,ckmft  :io 
of  duly  performing  their  refpedive  F undions. 

4.  Though  Sicknefs  attacks  the  whole  Man,  yet  it  4;  That. 

confifts  chiefly  in  the  Body ;  and  the  Pains  which  it  caufes  m 

in  the  Mind  are  only  Confequences  of  it,  as  appears  from  onlj. 
hence,  that  by  ufing  Remedies  which  affed  only  the  Body, 

and 
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and  reduces  it  to  its  former  State,  all  the  Pains  and  Un- 
eafinefs,  which  the  Mind  feels,  immediately  ceafe. 

5.  There  are  generally  reckoned  two  Sorts  of  Diftem- 
pers,  the  one  confifts  in  a  bad  Conftrufiwn  of  the  Parts , 
as  when  they  are  too  large  or  too  fmall,  or  not  of  the 
Shape  that  they  ought  to  be. 

6.  The  other  confifts  in  art  ill  Temperature }  that  is, 
in  a  particidar  Mixture  of  the  Qualities  of  the  Body  which 
is  not  fuch  as  it  ought  to  be.  And  we  call  it  a  manifejl 
ill  Temperature  if  we  know  the  Qualities  which  are  in 
Diforder  ;  but  we  call  it  occult ,  when  the  Qualities  and 
the  Caufe  are  unknown. 

7.  All  Diftempers  are  generally  owing  to  the  ill  Re¬ 
gulation  of  our  Lives,  either  from  too  much  or  too  lit¬ 
tle  Sleep,  too  much  or  too  little  Exercife,  &c.  Some¬ 
times  they  are  caufed  by  things  without,  and  very  often 
by  the  Abufe  of  Food  ;  that  is,  by  our  Intemperance  in 
eating  and  drinking ;  which  is  fo  much  the  more  inju¬ 
rious  to  us,  becaufe  it  affetffs  us  inwardly. 

8.  My  Defign  is  not  to  treat  of  particular  Diftempers 
here:  However  there  is  an  extraordinary  kind  of  Burn¬ 
ing  in  the  Body,  which  Phyficians  call  a  Fever ,  which  I 
cannot  wholly  pafs  by  in  Silence  ;  and  there  is  the  more 
Reafon  to  enquire  about  it,  becaufe  this  Diftemper  goes 
along  with  almoft  all  others ;  and  befides,  its  Intermif- 
fions  are  the  moll  furprifing  to  all  Philofophers. 


CHAP.  XXVI. 


Of  a  F  E  V  E  R. 


concerning 


i  What  a  AFTER  what  has  been  already  laid  down 
Fever  an-  the  Conftrudfion  of  a  human  Body,  it  will  be  eafy 
«•  to  explain  all  the  furprifing  Phaenomena  or  Symptoms  of  a 
Fever.  For  we  need  only  to  imagine,  a  fmall  Part  of  our 
Blood  or  any  of  thofe  Juices  which  are  mixed  with  it  as  it 
runs  towards  the  Heart,  any  Way  to  Magnate  in  fome  Part 
of  the  Body,  fo  that  it  does  not  begin  to  move  for  fome 
Time,  till  it  be  fo  corrupted,  that  it  refembles  green  Wood 
when  it  begins  to  burn  ;  that  is,  as  fuch  Wood,  when  it  is 

fuft 
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firft  laid  upon  the  Fire,  feems  not  difpofed  to  bum,  but 
rather  extinguilhes  the  Fire  ;  fo  likewife,  this  Imall  Por¬ 
tion  of  corrupted  Juice,  has  no  Tendency  to  grow  hot 
and  dilate  it  felf  at  firft,  when  it  pafies  through  the  Heart. 

And  as  greenWood  burns  afterwards  brighter  and  more 
fiercely,  than  that  which  is  dry,  fo  alfo  does  this  Juice  at 
length  grow  hotter  and  dilates  it  felf  more,  than  the  Blood 
ordinarily  doe9. 

2.  Now  this  being  fuppofed,  we  are  fure  in  the  firft2,  WbytU 
-Place,  that  when  this  fluggifh  Humour  begins  to  move  fhen 
from  the  Place  in  which  it  was  corrupted  (  which  I  (hall  a  Fever  be. 
henceforth  call  the  Seat  of  the  Fever )  and  to  mix  w;th  £int  t0  aP- 
the  Blood ;  it  will  hinder  it  from  dilating  itfelf  as  ufual  in  ^ °acb * 
palling  through  the  Heart,  and  confequently  the  Heart 

and  Pulfe  will  then  beat  very  faint; 

3.  And  what  ought  particularly  to  be  obferved  here  Of  the 
is,  that  the  vital  Spirits  moving  much  flower  than  ufual  sblverm& 
in  the  Body,  the  Agitation  of  the  Particles  Which  is 

kept  up  by  them,  and  in  which  the  ordinary  Heat  of  the 
Body  confifts,  muft  be  very  much  diminifhed.  Whence 
it  follows,  that  we  muft.  feel  a  certain  Coldneft;  which  is 
called  the  cold  Fit  of  a  Fever  ;  which  may  be  attended 
with  fome  {harp  or  faint  Twitches ,  according  as  the  cor¬ 
rupted  Matter;  which  funs  in  the  Arteries,  agitates  the  in¬ 
ner  Coats  of  them  ;  or  according  as  fome  of  its  Parts, 
which  get  through  the  Pores  of  the  Artefies;  differently 
move  the  Gapillaments  of  the  Nerves  which  they  meet  in 
their  Paflage. 

4.  And  becaufe  in  this  State  it  is  impoftlble  but  that  4 .TbtCauf* 
Fewer  Animal  Spirits  Ihould  be  produced  and  thofe  lefs  °ff^Tremb~ 
agitated  than  ufual ;  therefore  thofe  of  them  which  are 

fent  towards  any  Mufcle,  either  to  move  the  Body  or  to 
keep  it  in  a  particular  Pofture,  are  neither  ftrong  enough; 
nor  fufficiently  numerous  to  prefs  againft  and  flop  up  the 
Valves  of  the  Pores  fo  dole;  but  that  they  are  able  to 
get  out  5  in  the  fame  manner  as  when  a  little  Air 
drawn  into  the  Bellows  gets  out  again,  becaufe  it  cannot 
prefs  the  Flap  ftrong  enough  againft  the  Hole  ;  fd  the 
Spirits  fent  into  the  Mufcles,  get  out,  and  go  along  with 
a  trembling  Motion  from  one  Mufcle  to  another,  and 
fo  draw  the  Members  by  turns  to  the  oppofite  Sides,  and 
make  them  fhake;  that  is,  caufe  that  Trembling  which 
ufually  attends  the  Shivering  or  Coldnefs  in  a  Fever. 

5.  And  though  all  the  corrupted  Matter  may  perhaps  continue» 
have  oafied  through  the  Heart  in  lefs  than  half  an  Hour, 
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yet  it  may  make  the  Shivering  continue  much  longer ;  be- 
caufe  this  Matter  which  is  mixed  with  the  Blood  may1  re¬ 
turn  to  the  Heart  again,  with  as  little  Difpofition  to  dilate 
it  felf  as  it  had  the  firft  Time  it  palled  through  it. 

6.  As  green  Wood  after  it  is  once  heated,  burns  fiercer 

thah  dry  Wood  ;  fo  the  corrupted  Matter,  after  it  has  palled 
feveral  Times  through  the  Heart,  may  at  laft  acquire  fuch 
a  Difpofition,  as  to  be  very  much  rarified,  and  to  come 
out  of  the  Heart  very  much  quicker  and  more  agitated 
than  the  Blood  ufually  does ;  and  ’this  is  fufficient  to  pro¬ 
duce  all  thofe  Effects,  which  we  experience  in  that  State 
called  the  hot  Fit  of  the  Fever ,  which  fucceeds  the  great 
Coldnefs.  , 

7.  A nd,^r//,  as  to  the  Beating  of  the  Pulfe,  it  is  evi¬ 
dent,  that  it  muft  be  quicker  and  higher  than  ufual,  be- 
eaufe  the  Blood  flows  quicker  into  the  Arteries,  and  with 
greater  Force  and  Agitation  than  it  commonly  does.  We 
ought  alfo  to  perceive  a  very  extraordinary  Heat,  becaufe 
the  Blood  which  comes  boiling,  as  it  were,  out  of  the 
Heart,  is  carried  very  fwiftly  to  the  extreme  Parts  of  the 
Body,  without  having  any  Time  to  cool  it  felf  by  the 
Length  of  the  Way. 

8.  Further,  becaufe  in  this  State,  a  very  large  Quanti¬ 
ty  of  Animal  Spirits  gets  into  the  Brain,  and  from  thence 
into  the  Nerves  ;  there  muft  neceflarily  arife  a  Difficulty 
in  feeping ,  Pains  in  the  Head ,  and  that  very  troublefome 
Fendernefs  which  we  have  in  all  the  Members  of  the  Body. 

9.  It  may  alfo  happen,  that  the  Animal  Spirits,  which 
run  irregularly  in  the  Brain  without  any  certain  Determi¬ 
nation,  and  w  hich  are  very  ftrong  at  that  Time,  may  of 
themfelves  force  open  and  agitate  fome  Parts  of  it,  in  the 
lame  Manner  as  they  are  at  other  Times  by  external  Ob¬ 
jects  ;  wherefore  we  ought  then  to  fee  fuch  Objects  as  if 
they  were  really  prelent ;  and  herein  confift  thofe  ftrong 
Deliria  which  fometiines  afFedt  Tick  Perfons  fo  much. 

10.  And  if 'the  Diftemper  continues  long;  then  be¬ 
caufe  the  Parts  of  the  Blood  which  ufed  to  turn  to  Nou- 
rilhment  are  in  much  greater  Motion  than  ordinary,  or 
than  is  neceffary  for  them  to  be  employed  ufefully  { they 
may  not  flop  in  fuch  Places  where  they  are  wanted,  and 
where  they  might  be  applied  to  Nourifhment  ;  but 
pafs  off  in  the  Form  of  Sweat  or  infenfible  Perfpiration  : 
And  thus  the  Body  may  grow  lean,  in  the  fame  manner 
as  Plants  wither in  a  very  hot  Summer,  becaufe  the  Juices 
which  ought  to  nourilh  them,  pals  through  their  Pores 
without  flopping. 
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11.  And  there  will  be  no  doubt  but  that  a  Fever  is  *r.  A  Con- 
generated  in  the  Manner  I  have  been  fpeaking,  if 

confider,  that  when  there  is  any  Pus  made  in  an  Abfcefs,  'tbu™* 
or  occafioned  by  any  Wound,  in  a  Body  otherwife  in 
Health*  a  Fever  generally  entires  ;  and  when  this  Pus 
Ceafes  or  makes  its  Way  out  of  the  Body,  the  Fever  as 
generally  goes  off  with  it. 

12.  Daftly,  though  the  Matter  which  kindles  the  Fe-  J2, 

Ver*  may  ceafe  any  more  to  flow  from  its  Seat  or  R z- foe  a  Fever 
ceptacle,  and  though  there  be  no  new  Matter  mixed  « at  tbe 
with  the  Blood  that  goes  to  the  Heart ;  yet  that  which  is  HelSbtb' 
already  mixed  with  it,  may  be  fufficient  to  make  the 
Fever  increafe,  till  after  a  great  many  Circulations,  it  be 
diflipated,  and  the  Blood  fo  purified,  that  it  is  reduced 
very  near  to  that  Temperature,  which  Phyficians  -call 
laudable.  In  the  fame  Manner  as  Wine  becomes  fine 
at  laft,  by  Working  in  the  Vefiel. 

13*  When  the  Fever  once  comes  to  decline  thus;  it  13. 
ought  not  to  return  again.  Notwithftanding  there  may  ma2 
remain  a  kind  of  Ferment,  or  certain  evil  Difpofitions, 
in  that  Place  where  the  Blood  is  firft  corrupted  ;  which 
may  again'  vitiate  and  corrupt  the  Blood  which  gets  thi¬ 
ther,  till  by  Degrees  it  come  to  Maturity,  and  running 
into  the  Heart  as  the  firft  did,  caufethe  fame  Symptoms. 

14.  Whence  we  may  conclude  that  the  Diftcmper  will  14.  of  tbe 
be  a  quartan  Fever,  if  the  Portion  of  Blood  which  ftag- 
nates  will  take  up  three  Days  before  it  comes  to  Matu-  Fevers. 
rity  and  be  capable  of  running  into  the  Heart  along  with 
the  reft  of  the  Blood*  If  it  takes  up  but  two  Days,  it 
will  be  a  tertian  Fever;  and  if  it  continually  runs,  then  it 
will  be  a  continued  Fever  :  And  laJHy^  it  is  a  continued  Fe- 
Ver  with  Incrcafe ,  When  the  corrupted  Matter  has  fo  vitia¬ 
ted  the  Blood,  that  it  has  not  Time,  betwixt  the  laft 
Drop  of  the  proceeding  corrupted  Matter  coming  out  of 
the  Heart,  and  the  firft  Drop  of  new  Matter  collected 
again,  running  into  it,  to  purify  it  fell ;  For  then,  there 
is  an  Opportunity  for  the  corrupted  Matter,  which  is 
very  much  difpofed  to  inflame,  to  go  in  great  Quantity 
to  the  Heart,  and  fo  confequently  to  caufe  a  more  vio¬ 
lent  Heat. 

15.  And  this  is  confirmed  from  hence  ;  that  this  Mat-  *$•  An* 
ter  which  we  have  compared  to  green  Wood,  muft  firft  c-lcumfanc 
cool  the  Blood  a  little,  before  it  felt  can  be  rariiied  and  cj  a  Fever 
heated  beyond  what  the  Blood  ufually  is  ;  And  thus,  the 
firft  Time  that  it  pafles  through  the  Heart,  it  caufes  fome  cref- 
little  Shiverings,  and  fome  Difpofitions  to  fleep,  fuch  as 
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Y awnings  and  Drowfinefs.  which  precede  the  Increafe  of 
the  Fever. 

It  is  impoffible  to  exhauft  this  whole  Subjedt.  The 
humane  Body  is  fo  wonderfully  framed ;  that  the  leaft 
Part  of  it  will  take  up  a  Man’s  whole  Life  to  underftand 
it  thoroughly  :  But  becaufeit  is  very  dangerous  to  be  mif- 
taken  in  fo  important  a  Matter,  upon  which  one’s  Life 
many  Times  depends,  and  to  reafon  and  argue  upon  falfe 
Principles,  (as  we  fee  is  perpetually  done  every  Day  ;)  and 
becaufe,  we  have  but  juft  begun  to  undeceive  ourfelves 
in  an  infinite  Number  of  Things,  which  we  blindly  re¬ 
ceived  from  the  Antients  as  true  ;  we  muft  wait,  till  we 
can  get  more  Knowledge,  from  the  Experiments  which 
fo  many  learned  Gentlemen  of  the  famous  Academy 
are  continually  making  with  fo  good  Succefs  :  That  by 
following  the  Light  and  purfuing  the  Difcoveries  of  thefe 
great  Genius’s  and  firft  Mafters  of  Science,  we  may  with 
more  AlTurance  fpeak  concerning  fo  nice  and  important  a 
Subjedl ;  of  which  what  we  do  already  know,  as  little 
as  it  is,  plainly  {hows  us,  that  whole  Schools  have  been 
deceived  for  many  Ages,  in  eftablifhing  their  Maxims  and 
Decrees,  the  very  Foundation  of  which  is  falfe.  Where¬ 
fore,  when  thefe  Gentlemen  {hall  be  pleafed  to  commu¬ 
nicate  to  the  Publick,  what  they  have  by  their  Labour 
and  Care  dlfcovered  ;  I  hope  they  will  permit  me  to 
make  Ufe  of  their  Difcoveries,  and  to  look  upon  them  as 
belonging  to  me,  in  the  Ufe  and  Application  which  I  ex¬ 
pedi  one  Day  to  make  of  them ;  not  by  cenfuring  what 
they  intended  for  Inftrudlion,  but  that  I  may  corredl  my 
felf,  if  it  does  not  appear  to  agree  with  the  Principles 
winch  I  have  laid  down,  or  elfe  that  I  may  be  the  mor# 
ftrongly  confirmed  in  the  Truth  of  them. 
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BOOKS  printed  for  J.  J.  and  P.  Knap  ton,  at  the 

Crown  in  Ludgate-Street. 

AN  Hiftorical  Geography  of  the  Old  and  New  Teftament :  Be¬ 
ing  a  Geographical  and  Hiftorical  Account  of  all  the  Places  and 
Countries  mentioned  or  referred  to  in  the  Books  of  the  Old  and 
New  Teftament :  Very  ufeful  for  the  Underftanding  the  Hiftory  of 
the  laid  Books,  and  of  feveral  particular  Texts.  Throughout  is 
Snferted  the  prefent  State  of  fuch  Places  as  have  been  lately  vifited  by 
Perfons  of  our  own  Nation,  and  of  unqueftionable  Fidelity  :  Where¬ 
by  the  Work  is  rendered  very  ufeful  and  entertaining*  Illuftrated 
and  adorned  with  feveral  Maps,  Cutts,  and  Chronological  T ables* 
In  4  Vols.  8m  The  id  Edition* 

The  Young  Gentleman’s  Courfe  of  Mathematicks*  In  3  Vols* 
8m  Containing  fuch  Elements  as  are  moft  ufeful,  and  eafy  to  be.  ’ 
jknown  in 

Arithmetick  and  Geometry*  Vol.  I* 

Trigonometry,  Mechanicks,  and  Opticks.  Vol.  II. 
Aftronomy,  Chronology,  and  Dialling.  Vol.  III. 

Illuftrated  with  feveral  Copper-Plates.  The  2d  Edition, 

AT*  B.  Any  of  the  Volumes  may  be  had  feparately. 

A  Paraphrafe,  with  Annotations,  on  all  the  Books  of  the  Old 
Teftament.  In  4  Vols.  4 to, 

A  Paraphrafe,  with  Annotations,  on  all  the  Books  of  the  New 
Teftament.  To  which  is  added,  A  Treatife  concerning  the  Har¬ 
mony  of  the  Four  Gofpels.  In  2  Vols.  4 to. 

An  Help  for  the  right  Underftanding  of  the  feveral  Divine 
Laws  and  Covenants.  8m 

Controverfal  Treaties  againjl  the  D {[[enters.  The  6th  Edition. 
pr,  3-r.  6d. 

All  Written  by  Edward  Wells,  D.  D.  late  Re  It  or  of  Cotes- 
bach  in  Leicefterfhire.  (  K 


Anacreon  ‘Teius  Poeta  Lyricus ,  Graec.  Lat.  Editore  Jofua 
-Barnes,  S>  T.  B.  Editio  Tertia . 

Directions  for  Studying,  I.  A  General  Byftem  or  Body  of 
DIVINITY.  II.  The  Thirty-nine  Articles  of  RELIGION. 
To  which  is  added,  S.  Jeromes  Epiftle  to  Nepoti  anus.  By  Thomas 
Bennet ,  D.  D.  The  3d  Edition. 

A  Brief  Expofttion  of  the  Apoftles  Creed,  according  to  Bifhop 
Pearfon ,  in  a  new  Method,  by  way  of  Paraphrafe  and  Annotation. 
By  B.  Rennet^  D.  D.  late  Prefident  of  Corpus  Chrijli  College, 
Oxon.  The  2d  Edition. 

Tacqueti  Elementa  Euclidea  Geometrice  feledla  ex  Archimede 
Theorrnat.  Edit .  a  Gul .  Whijlon  Edit .  Tertia  Prioribus  mult? 
auctior.  8 vo.  Cantab. 

Virgilius  cum  Noth  Mintllu  16  Edit,  1 2mo% 
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BOOKS  Printed  for ,  and  Sold  by  James,  J  o  tt 
an d  Paul  Knapton,  at  the  Crown  in  Ludgate- 
Street,  near  the  TVeft  End  of  St.  Paul’s,  London. 

ACTA  REGIA,  or  Mr.  Rapines  Abridgment  of  Ry* 
nler’s  Foedera*  Folio. 

Atlas  Maritimus  et  Commercialis,  Folio. 

Addifon’s  Works,  4  Vols.  4 to.. 

-  ■■  ■■■—  Mifcellanies,  3  Vol.  12 mo. 

■ - - —  Travels,  1 2  mo. 

Atterbury’s  (Bp  )  Sermons,  4  Vols.  too. 

Arabian  Night’s  Entertainment,  12 mo. 

Altieri’s  Italian  Grammar,  8 <vo. 

Ainfworth’s  Latin  and  Etiglifh  Dictionary,  8^. 

AylifFe’s  Parergon  Juris  Canonici,  Folio. 

Abridgment  of  Lock  of  Underftanding,  1 2 mo. 

Ariftotelis  de  Rhetorica  Graec.  &  Lat.  too.  Cantab. 

Athenian  Oracle,  4  Vol.  8 <vo. 

Account  of  Switzerland  and  the  Grifons,  8 vo. 

BAyle’s  Hiftorical  and  Critical  Dictionary,  in  Englilh,  Fot. 

Black  wall’s  Sacred  Claflicks,  2  Vols.  too. 

Boad’s  Mathematicks,  1 2 mo. 

Bofman’s  Defcription  of  the  Coalt  of  Guinea,  too. 

Bacon’s  (Lord)  Philofophical  Works  abridged,  by  P.  Sbaw,  M.  D. 
3  Vols.  4 to. 

Blackmore  ( Sir  Rich. )  on  the  Dropfy,  Tympany,  Stone,  and 
Diabetes,  8 <vo. 

1  . Hiftory  of  the  Confpiracy  again!!  King  William  III, 

, ,  -  —  Alfred,  an  Epick  Poem,  8 <vo. 

Boyer’s  Royal  French  and  Englilh  Dictionary,  Ato. 

_ French  and  Englilh  Dictionary,  too. 

_ _  French  Grammar,  8 *vo. 

Barnes’s  (JolhuaJ  Anacreon,  Graec.  &  Lat.  too. 

Bates’s  Works,  Folio. 

Burnet’s  Hiftory  of  his  own  Time,  2  Vols.  Folio. 

, - Abridgment  of  the  Hiftory  of  the  Reformation,  3  Vols.  izmo. 

- Life  of  the  Earl  of  Rochefter,  8 <vo. 

- Paftoral  Care,  too. 

Burchet’s  Naval  Hiftory,  Folio. 

Boerhave’s  Chemiftry,  2  Vols.  4 to. 

Builder’s  Dictionary,  2  Vols.  %<vo. 

Bennet’s  Abridgment  of  the  London  Cafes,  too. 

- - Directions  for  ftudying  Divinity,  too. 

_ _ Paraphrafe  on  the  Book  of  Common-Prayer,  too. 

►——Rights  of  the  Clergy  of  the  Chriftian  Church,  8w. 

. - Two  Letters  to  Mr.  Benjamin  Robinfon,  too. 

Brady’s  Sermons,  3  Vols.  too. 
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Bull’s 
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Bull’s  ( Bp. )  Works,  4  Vols.  8 <vo.  •  *  j 

Butler’s  ( Dr. )  Sermons  at  the  Roll’s  Chapel,  8*1/0. 

• - Analogy  of  Religion  Natural  and  Revealed  to  the  Condi¬ 

tu  tion  and  Courfe  of  Nature,  4 to. 

Bland’s  Military  Difcipline/  8 <vo. 

Bedford’s  Scripture  Chronology,  Folio. 

Beveregii  Epifcop.  St.  Afaph :  Inftitutiones  Chronological,  8*1/0. 
Beveridge’s  (Bp.)  private  Thoughts,  2  Vols.  8w. 

- - the  fame  in  1 2 mo. 

- Sermons,  2  Vols.  Folio. 

- Expofition  on  the  thirty  nine  Articles. 

- Of  publick  Prayer  and  frequent  Communion,  1  zmo* 

- - Thefaurus  Theologicus,  4  Vols.  8*z/0. 

■ - on  the  Church  Catechifm,  izmo. 

Boffu’s  Treatife  of  Epick  Poetry,  2  Vols.  12/5*0. 

Burkit  on  the  New  Teftament,  Folio . 

Barrow’s  Works,  2  Vols.  Folio. 

Bailey’s  Univerfal  Etymological  Englifh  Dictionary,  8*20. 

- - Dictionary,  2d  Vol.  8*1/0. 

- Dictionary  in  Folio. 

— : - Erafmus,  Englifh,  8 -vo. 

Brandt’s  Hiftory  of  the  Reformation  in  the  Low- Countries, 
Illuftrated  with  the  Heads  of  many  eminent  Perfons  engraven 
by  Mr.  George  Vertue,  in  4  Vols.  Folio. 

Blackall’s  (Bp.)  Sermons,  2  Vols.  Folio. 

Bridgman’s  Conveyancer,  Folio. 

Bisflie’s  Art  of  Poetry,  2  Vols.  12 mo. 

Burnet’s  Theory  of  the  Earth,  2  Vols.  8*1/0* 

Bezse  Teftamentum  Latinum. 

Bingham’s  Works,  2  Vols.  Folio. 

Bentley’s  Horace,  4/0. 

. - Terence,  4/0. 

- - Sermons  at  Boyle’s  LeCtures,  8*1/0. 

- Remarks  on  the  Difcourfe  of  Free-Thinking,  8*1/0, 

Bradley’s  new  Improvements  of  Gardening,  8*tfr. 

Bladen’s  Caefar’s  Commentaries,  Englilh,  8*1/0. 

Behn’s  Plays,  4  Vols.  12///0. 

«——Novels,  2  Vols.  12///0. 


c 


Handler’s  ( Lord  Bilhop  of  Durham )  Defence  of  Chridia- 
nity,  in  anfwer  to  the  Difcourfe  of  the  Grounds  and 
Reafons,  Cff c.  8*1/0. 

Vindication  of  the  Defenfe  of  Chriftianity,  in  anfwer  to 
the  Scheme  of  Literal  Prophecy  confidercd,  8w. 
Sermon  preached  at  the  Cathedral  Church  of  Worcefler , 
June  7,  1716. 

Sermon  preached  before  the  King  on  Chridmas-Day,  1.7 1 7. 
Sermon  preached  before  the  Lords,  Jan.  30,  1717. 
Sermon  preached  to  the  Societies  for  Reformation  of  Man¬ 
ners,  at  St.  Mary-le-Bovu ,  Jan.  4.  1724. 


Cudworth  on  Eternal  and  Immutable  Morality,  8w. 


Clarke’s 


V 


James,  John,  and  Paul  Knap  ton.  3 

Clarke’s  (Dr.  Samuel)  Sermons  at  Boyle’s  LeCture,  on  the  Being 
and  Attributes  of  God,  and  the  Truth  of  the  Chriitian 
Revelation,  S'vo. 

■  -  Eighteen  Sermons  on  feveral  Occafions,  8<vo. 

- Sermons  on  feveral  Subjects.  In  Ten  Volumes,  8rJo. 

—  - Expoli tion  of  the  Church  Catechifm,  Svo,  Sc  nmo. 

■  - Paraphrafe  on  the  Four  Evangelifts,  2  Vols.  8 <vo. 

- Three  practical  ElTays  on  Baptifm,  Confirmation,  and  Re¬ 
pentance,  8*vo.  Sc  12 mo. 

— —  ■  Letter  to  Mr.  Dodwell,  concerning  the  Immortality  of 
the  Soul,  with  four  Defenfes :  Alfo  the  Remarts  on 
Dr.  Clarke’s  Letter,  and  the  feveral  Replies  to  the  De¬ 
fenfes  thereof,  8 <va. 

— — . Collection  of  Papers  which  palled  between  the  late  learned 

Mr.  Leibnitz  and  Dr.  Clarke,  relating  to  the  Principles 
of  Natural  Philofophy  and  Religion,  Svo. 

- Jacobi  Rohaulti  Phyfica,  8^0. 

- If.  Newtoni  Optice.  Latine  reddidit  S.  Clarke,  S.  T  P. 

- C.  Julii  Cae  faris  quae  extant,  cum  Annotationibus  S.  Clarke. 

- - Homeri  Ilias,  Graece  Sc  Latine.  Annotationes  in  Ufum 

Sereniflimi  Principis  Gulielmi  Augufti  Ducis  de  Cum  * 
berland,  &c.  Regio  JufTu  fcripfit  atque  edidit,  S.  Clarke, 
S.  T.  P.  2  Vols.  8^0. 

«i - Scripture-DoCtrine  of  the  Trinity,  8w. 

- Letter  to  the  Reverend  Dr.  Wells,  8<v&. 

- Reply  to  the  Objections  of  Robert  Nelfon  Efq;  8 <vo. 

.  .  Obfervations  on  Dr.  Waterland’s  Second  Defence  of  his 

Queries,  8 <vo. 

• - The  Model!  Plea,  &c.  Continued:  Or,  a  brief  and  dif- 

tinCl  Anfwer  to  Dr.  Waterland’s  Queries,  Csfc.  8 *vo. 

- Remarks  upon  the  Philofophical  Enquiry  concerning  hu¬ 
man  Liberty,  8<vq. 

.  Difcourfe  concerning  the  Connection  of  the  Prophecies  in 
the  Old  Teftament,  and  the  Application  of  them  to 
Chrilt,  8 vo. 

- - Paraphrafe  upon  our  Saviour’s  Sermon  on  the  Mount.  8<vo. 

Clarke’s  (Dean  of  Sarum)  Sermons  at  Boyle’s  LeCture,  of  the 
Caufe  and  Origin  of  Natural  and  Moral  Evil,  2  Vols. 
8<vo. 

—  . '-Tranflation  of  Rohault’s  Syltem  of  Natural  Philofophy. 

In  2  Vols.  8<vo. 

- Truth  of  the  Chrillian  Religion.  B y  .Hugo  Grotius,  1  2 mo. 

—  - - Demonftration  of  fome  of  the  principal  Sections  of  Sir  Ifaac 

Newtons  Principles  of  Natural  Philofophy,  8~vo. 

Clarke’s  ( John )  Defence  of  Dr  Clarke’s  Demonftration  of  the 
Being  and  Attributes  of  God,  in  Three  Parts,  8m 

Calmet’s  Hiftorical,  Critical,  Geographical,  Chronological,  and 
Etymological  Dictionary  of  the  Holy  Bible.  In  3  V ols.  Folia . 

Clagget’s  Sermons  on  feveral  Occafions.  In  2  Vols.  Svo. 

Calamy’s  Sermons,  8w. 
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Collins’s  Peerage,  4  Vols.  Svo. 

Crouch’s  Book  of  Rates,  2  Vols.  8 vo. 

Compleat  Houfewife,  8<vo. 

Collier’s  Sacred  Interpreter,  2  Vols.  8w. 

Cole’s  Latin  and  Englilh  Dictionary,  8 vo. 

—  Englilh  Dictionary,  8vo. 

Cofins’s  Devotions,  1  imo. 

Ciceronis  Orationes  in  Ufum  Delphini,  8vo. 

*  - Orationes  SeleCta?,  1 2 mo. 

Cotefii  Harmonia  Menfurarum,  4 to.  Cantab. 

Cockman’s  T ully’s  Offices,  Englilh,  1 2 mo. 

Cooke  of  Foreft  Trees,  8m 
Caftellionis  Biblia  Latina,  4  Vols.  12 mo. 

Collection  of  Receipts  in  Cookery,  Phyfick,  l$c.  8*1/#. 

Cicero  de  Natura  De6rum,  per  Davis,  8 vo.  Cantab. 

. - Difputationes  Tufculanae,  per  Davis,  8 vo.  Cantab. 

— de  Divinatione,  &  Fato,  per  Davis,  8vo.  Cantab . 

•  - Academica,  per  Davis,  8 vo.  Cantab . 

- - de  Legibus,  per  Davis,  8vo.  Cantab. 

. - de  Finibus  Bonorum  &  Malorum,  per  Davis,  8vo.  Cantab. 

— — de  Officiis,  per  Tooly,  8 vo.  Oxon. 

— —  de  Officiis,  per  Cockman,  8m.  Oxon . 

- de  Oratore,  Delphini,  8vq.  Oxon. 

- de  Claris  Oratoribus,  &c.  8m.  Oxon. 

- - ad  Herennium,  &c.  8vo.  Oxon. 

Clergyman’s  Companion  in  vifiting  the  Sick,  8vo. 

■  - - Vade  mecum,  2  Vols.  12 mo. 

Common-Prayer-Book,  the  bell  Companion,  1  into. 

Chriftian’s  belt  Guide,  8*1/0. 

Confeffio  Pallorum  Remonf.  fuper  Art.  Ecc.  Anglic.  1 2 mo. 
CharaCterifticks,  3  Vols.  8 vo. 

Congreve’s  Plays,  1  zmo. 

Cave’s  Primitive  Chrillianity,  Svo. 

Collier’s  ElTays,  8 vo. 

Cato’s  Letters,  4  Vols.  izmo. 

Clarendon’s  Hillory,  6  Vols.  8vo. 

'  "  ■  Hillory  in  Folio. 

Camden’s  Britannia,  2  Vols.  Folio. 

Chamberlain’s  State  of  Great-Britain.  8vq. 

Cheyne  on  Health,  8 vo. 

- Englilh  Malady,  8vo. 

- - Philofophical  Principles  of  Religion,  8vo. 

Collection  of  Voyages  in  4  Vols.  8vo.  containing  the  Voyages  of 
Captain  Dampier,  Wafer,  Funnell,  Cowley,  Sharp,  Wood, 
Roberts,  &c.  Illullrated  with  Maps  and  Cuts. 

Cun’s  Euclid,  8 vq. 

DUnller’s  Horace,  8vo. 

Dyche’s  Spelling  Book,  120*0. 

L aw^s’s  (Archbp.)  Duty  of  the  Clofet,  12 mo. 


Prexelius 


s 


James,  John,  and  Paul  Knaptom. 

Drexelius  on  Eternity,  1 2 mo. 

Bugard’s  Lucian,  Greek  and  Latin,  1  imo. 

Bougharty’s  General  Gauger,  12 mo. 

B’Eftrade’s  Memoirs,  3  Vols,  8 <vo. 

Bomat’s  Civil  Law,  2  Vols,  Folio. 

Bacier’s  Plato,  in  Englilh,  2  Vols.  12m. 

Bupin’s  Method  of  ftudying  Bivinity,  8<vo. 

Bi&ionary  of  all  Religions,  antient  and  modem,  8vo. 

Bavenant  on  the  Revenues  and  Trade  of  England,  2  Vols.  8<vo. 

— - on  the  Balance  of  Trade,  8 *vo. 

- - - on  Grants  and  Refumptions,  8 <vo. 

- - on  the  Balance  of  Power,  Peace  and  War,  and  Univer- 

fal  Monarchy,  8 *00. 

. - on  Peace  at  home,  and  War  abroad,  8 *uo. 

Bodtrine  of  Morality,  Folio. 

Bi&ionarium  Rufticum,  Urbanicum,  &  Botanicum :  Or,  a  Dic¬ 
tionary  of  Hufbandry,  Gardening,  Trade,  Commerce,  and 
all  Sorts  of  Country  Affairs,  2  Vols.  $*vo. 

Buty  of  Man,  8vo.  &  1 2 mo. 

Bry den’s  Plays,  6  Vols.  1 2 m. 

•  - Juvenal,  12  mo. 

•  - Fables  12  mo. 

————Virgil,  3  Vols.  izmo. 

— —  Mifcellanies,  6  Vols.  12 mo. 

Bemofthenis  Orationes,  Grsec.  &  Lat.  1 2 mo. 

Bupin’s  Ecclefiaftical  Hiftory  of  the  1 7th  Century,  Folii. 

Bevout  Chriftian’s  Companion,  1 2 mo. 

Berham’s  Phylico  Cheology,  8 vo. 

, - Aftro-Theology.  8 mo. 

———Artificial  Clock-maker,  12 mo. 

Be  Chales’s  Elements  of  Euclid,  8 •vo. 

Bitton’s  Inftitution  of  Fluxions,  8 vo. 

Brake’s  Anatomy,  3  Vols.  8<vo. 

Bugdale’s  Warwickshire,  2  Vols.  Folio. 

Bionis’s  Surgery,  8^0. 

Brglincourt  on  Beath,  8<vo. 

EVremond’s  (St.)  Works,  3  Vols.  8w. 

Evelyn’s  Parallel  of  Architecture,  Folio. 

Echard’s  Roman  Hiftory,  5  Vols.  8<vo. 

—^—Gazetteer:  Or,  Newfman’s  Interpreter,  12 mo. 

- - Terence,  In  Englilh,  12 mo. 

—— Ecclefiaftical  Hiftory,  2  Vols.  8vo. 

• - Hiftory  of  the  Revolution,  8 vo. 

Englilh  Expofitor,  izmo. 

Ellis  de  39  Articulis  Ecclefiae  Anglicanae,  1  imo. 

Euripides  (King’s)  Grsec.  &  Lat.  2  Vols.  8 ]<vo.  Cantab . 

Euclidis  Elementa,  Commanding  8<vo.  Oxon. 

Etherege’s  Plays,  1 2 mo. 

Eikon  Baftlike,  with  the  Life  of  King  Charles  I.  by  Perinchief. 

Farquhar's 
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Arquhar’s  Plays,  2  Vols.  12/00» 
Freeholders,  12/00. 


Fable  of  the  Bees,  2  Vols.  Svo. 

Fofter’s  Sermons,  Svo. 

Fontenelle’s  Plurality  of  Worlds,  Englifh,  12/05« 

Fuller’s  Medicina  Gymnaflica,  8 vo. 

Friend’s  Demofthenes,  Gr.  &  Lat.  8 vo.  Oxott . 

Ford  de  39  Articulis  Ecclefiae  Anglicante,  Svo. 

Fiddes’s  Life  of  Cardinal  Wolfey,  Folio. 

Farnaby’s  Rhetorick,  Lat.  and  Eng.  8<i 10. 

Fleetwood’s  Sermons  on  Relative  Duties,  Svo,. 

— - Sermons  on  feveral  Oecafions,  Svo. 

Fitzherbert’s  Natura  Brevium,  4 to. 

GEntleman  inftru&ed,  8w. 

Gaftrell’s  Chriflian  FnfUtutes,  1  imp. 

Goodman’s  Penitent  pardoned,  81/5. 

■  Winter  Evening  Conference,  Svo. 

■  ■■  '■  ■■■■  Old  Religion,  1 2 mo. 

Guillim’s  Difplay  of  Heraldry,  Folio. 

Gordon’s  Itinerary,  Folio. 

Gulliver’s  Travels,  2  Vols.  12/00. 

Gordon’s  Tacitus,  2  Vols.  Folip. 

Garretfon’s  Englifh  Exercifes,  1  imo. 

Gregory’s  Nomenclatura,  Lat.  and  Eng.  Svo. 

Grotius  de  Veritate  Religionis  Chriftianae,  12/00. 

Guardians,  2  Vols.  12/00.  ^ 

Gay’s  Poems,  2  Vols.  1 2 mo. 

Gordon’s  Geographical  Grammar,  Svo. 

Grabe’s  Septuagint,  8  Vols.  Svo. 

Gregory’s  Aftronomy,  2  Vols.  8w. 

Gradus  ad  Parnaffum,  8*1/0. 

Government  of  the  Paffions,  1  ima. 

Gay’s  Fables,  8 vo. 

Geographia  Gallica,  4/0. 

Gravefand’s  Mathem.  Elements  of  Nat.  Philofophy,  2  Vols.  Svi* 
Grey’s  Abridgment  of  Gibfon’s  Codex,  Svo. 

Gibfon’s  Farriers  New  Guide,  Svo. 

- - Farrier’s  Difpenfatory,  Svo. 

- Method  of  Dieting  Horfes,  Svo. 

HOoker’s  Ecciefiaflical  Polity,  Folio. 

Hales’s  (of  Eaton }  Tracts,  12 mo. 

Howel’s  Hiltory  of  the  Bible,  3  Vols.  Svo. 

Hudibras,  12/00. 

Hatton’s  Merchant’s  Magazine,  4/0. 

- - Geography,  Svo. 

* - Comes  Comercii :  Or,  the  Trader’s  Companion,  12/00. 

Hammond’s  Catechifm,  Svo, 

*-  v  TP  It 
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Hoadly’s  ( Lord  Bifhop  of  Winchefter )  Reafonablenefs  of  Con¬ 
formity  to  the  Church  of  England,  with  a  Defence  of 
Epifcopal  Ordination,  8 <vo. 

- Meafures  qf  SubmiUion  to  the  Civil  Magiftrate  confider- 

ed,  8  -vo. 

- Original  and  Inftitution  of  Civil  Government  difculfed 

8  vo.  * 

—  - Eighteen  Difcourfes  concerning  the  Terms  of  Acceptance 

with  God,  8vo. 

- Several  Trails  formerly  publilhed ;  now  collected  into  one 

Volume,  8vo. 

—  - - Prefervative  againft  the  Principles  and  Prailices  of  the 

Nonjurors,  &c.  8vo. 

—  - Nature  of  the  Kingdom  or  Church  of  Chrift :  A  Sermon 

preached  before  the  King,  March  31.  1717.  8 vo. 
- Anfwer  to  Dr.  Snape’s  Letter,  Svo. 

—  - Anfwer  to  the  Reprefen tation  of  the  Committee  of  the 

Lower  Houfe  of  Convocation,  8 vo. 

—  - Anfwer  to  a  Calumny  call  upon  the  Bifhop  by  Dr.  Sher¬ 

lock,  8  vo. 

- Anfwer  to  Dr.  Sherlock’s  Condition  and  Example  of  our 

Blelfed  Saviour,  &c.  Svo. 

- Common  Rights  of  Subjects  defended  :  And  the  Nature 

of  the  Sacramental  Teft  coniidered,  8 vo. 

—  - Anfwer  to  Dr,  Hare’s  Sermon  :  With  a  Poftfcript  occafL 

oned  by  the  Lord  Bifhop  of  Oxford’s  Charge,  8vo. 

—  - Six  Sermons  on  feveral  Occalions,  8 vo. 

—  - -  Charge,  deliver’d  to  the  Clergy  at  the  Primary  Vifitatioi* 

of  the  Diocefe  of  Sarum,  4 to. 

Hawney’s  Trigonometry,  Svo. 

- - —  Compleat  Meafurer,  1 2 mo. 

Hutchenfon’s  Enquiry  into  the  Ideas  of  Beauty  and  Virtus,  Svo, 
'»"■  Elfay  on  the  Paflions,  Svo. 

Hill’s  Arithmetick,  8 vo. 

Hutchenfon’s  Xenophon,  Svo. 

Herodotus,  in  Englifh,  2  Vols.  Svo. 

Huygens’s  Celeftial  Worlds  difeovered  :  Svo. 

Hiltory  of  England :  In  2  Vols.  8w. 

Harris’s  Lexicon  Technicum,  2  Vols.  Folio. 

Horatius,  in  ufum  Delphini,  8 vo. 

Homeri  Iliados,  Liber  primus,  Grsec.  &  Lat  Sylvani,  8-vo. 

Henry  on  the  Old  and  New  Teftament,  6  Vols.  Folio. 

Henry’s  Works,  viz.  his  Sermons  and  other  Trails,  in  Folia. 
Homeri  Ilias,  Gra?c  &  Lat.  8 vo. 

Human  Prudence,  1 2 mo. 

Hero  :  From  the  Spanifh  of  Balthafar  Gracian,  4 to, 

Horatius,  cum  Notis  Minelii,  \2n10. 
luet  of  the  Situation  of  Paradife,  \zmo. 
fearne’s  Duilor  Hiftoricus,  2  Vols.  Svo* 
iughes’s  Poems,  2  Vols.  i2mo. 
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Hiftory  of  the  Tartars,  2  Vols.  %<vo. 

- - of  the  Revolution  in  Morocco,  2vo. 

Hederici  Lexicon,  Graec.  &  Lat.  4 to. 

Hiftory  of  the  Council  of  Conftance,  2  Vols.  4 to. 

Hiftory  of  the  Othman  Empire,  by  D.  Cantemir  late  Prince  of 
Moldavia,  Tranflated  by  N.  Tindal,  M.  A.  Folio. 

Hales’s  Pleas  of  the  Crown,  2  Vols.  Folio. 


JEfiery’s  Sermons,  8<vd.  , 

Juvenalis,  in  ufum  Delphini,  Svo. 

Jenkin  on  the  Chriftian  Religion,  2  Vols.  8vo. 

Jacob’s  Law  Dictionary,  Folio. 

Xfocratis  Orationes  &  Epiftolae,  Graec.  &  Lat.  1  itno.  Cantab . 
Jackfon  on  the  Lord’s  Prayer,  1  2 ?no. 

— Grounds  of  Civil  and  Ecclefiaftical  Government,  8 <vo. 

.  —  Remarks  on  Chriflianity  as  old  as  the  Creation,  8 <vo. 
——Vindication  of  Dr.  Clarke’s  Demonftration  of  the  Being 
and  Attributes  & c.  8 *vo. 

—  Defenfe  of  the  Vindication  &c.  8 <vo. 


KEttlewell’s  Works,  in  2  Vols.  Folio. 

- on  the  Sacrament,  8 <vo. 

_ on  Chriftian  Obedience,  8w. 

- Five  Difcourfes,  8<vo. 

- of  Profufenefs,  12 mo. 

- Life,  8 vo. 

- Death  made  comfortable,  120/0. 

- —  Companion  for  the  Penitent,  and  Perfecuted,  1  imo. 

King’s  Heathen  Gods,  1 2 mo. 

Rennet’s  Roman  Antiquities,  8<vo. 

Rennet’s  Exposition  of  the  Apoftles  Creed,  8<vo. 

Reay’s  Meafurer’s  Guide,  1 2 mo. 

Ring’s  Origin  of  Evil,  2  Vols.  8 <vo. 

■■  - —  Introduction  to  Natural  Philofophy,  8<va. 

Keil’s  Introduction  to  Aftronomy,  8<vo. 

Kidder’s  Demonftration  of  the  Meffiah,  Folio. 

Kiel’s  Anatomy,  12 mo. 


L 


Aurence’s  Young  Surveyor’s  Guide,  12 mo. 

Duty  and  Office  of  a  Land-Steward,  2<v&. 


DifTertation  on  Eftates  upon  Lives  and  Years,  8*vo. 


Lucas’s  Enquiry  after  Happinefs,  2  Vols.  8^0. 
Life  of  Oliver  Cromwell,  8<vo. 

Love-Letters,  3  Vols.  120*0. 

Law  of  Chriftian  Perfection. 

Lilly’s  Conveyancer,  Folio. 

- -  Entries,  2  Vols.  Folio. 

Laurence’s  Chriftian  Morals,  8<vo. 

• - of  Chriftian  Prudence,  8 •vo. 

Life  of  the  Emperor  Leopold,  8vo. 


L'EftrangeV 
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L’E  ft  range’s  ^Efop,  2  Vols.  8w. 

Littleton’s  Dictionary,  Lat.  &  Eng.  4 to. 

Longinus  de  Sublimitate,  Grasc.  &  Lat.  Oxen. 

Lock’s  Works,  3  Vols.  Folio. 

Eflay  on  human  XJ  nderftanding,  2  Vols.  Svs, 

- of  Education,  i2mo. 

- -  on  Government,  8^0. 

— — -  on  the  Epiftles,  4 to. 

Lee’s  Plays,  3  Vols.  12 me. 

L’Eftrange’s  Jofephus,  Englifh,  Folio. 

Lauderdale’s  Virgil,  2  Vols,  12 mo. 

Leufdeni  Compendium  novi  Teftamenti,  8<V9. 

Lowth’s  Comment,  on  the  Prophets,  Folio. 

Bifhop  of  London’s  Paftoral  Letters,  1 2mo.  ' 

Latin  Common-prayer,  izmo. 

Leeds’s  Lucian,  Grasc.  &  Lat.  8 <vo. 

Lady’s  Travels  into  Spain,  1  2 mo. 

Leland’s  Anfvver  to  Chriftianity  as  old  as  the  Creation,  2  Vols.  8<u<t. 

MEmoirs  of  Anne  of  Auftria,  5  Vols.  1  zmo. 

Mon tfau con’s  Travels  into  Italy,  Folio. 

Moral  Virtue  delineated,  with  Cuts,  Folio. 

Maundrell’s  Journey  to  Aleppo,  8<vo. 

Moyle’s  Works,  3  Vols,  8vo. 

Moll’s  Compleat  Geographer,  Folio. 

Motteux’s  Don  Quixote,  Englifh,  4  Vols.  izmo. 

Mead’s  ConftruCtion  and  Ufe  of  Maps  and  Globes,  8^0. 
Moreland’s  Vade  Mecum,  1 2 mo. 

Morton’s  ( Countefs  of)  Daily  Exercife,  240. 

Minucius  Felix,  j  Davifii,  8w.  Cantab . 

Milnes  Seftiones  Conicre,  8^0.  Oxon. 

Medulla  Hiftoriae  Anglican se,  8 <vo. 

Alilton’s  Paradife  Loft,  1  2 mo. 

— - —  Paradife  Regained,  1 2 mo. 

Minute  Phiiofopher,  2  Vols.  8 <vo. 

Mofs’s  Sermons,  5  Vols.  S-vo. 

Military  Hiftory  of  P.  Eugene  and  the  D.  of  Marlborough,  Folia, 
Adauger’s  French  Grammar,  8^0. 

Modeft  Plea  for  the  Scripture  Notion  or  the  Trinity,  8<vo. 
Marfhal’s  Treatife  upon  the  70  Weeks  of  Daniel,  8 <vo. 

- Three  Letters  in  Vindication  of  the  Treatife,  &c. 

- -  Chronological  Tables,  Folio. 

Martialis  Epigrammata,  in  ufum  Delphini,  8 vH. 

Molyneux’s  Natural  Hiftory  of  Ireland ,  4 to. 

Alander’s  Parochial  Letters,  1  2 mo. 

Mifcellanea  Curiofa*  3  Vols.  8 cco. 

Miller’s  Gardiner’s  Dictionary,  Folio. 

Nichols’s  Conference  with  a  Theift,  2  Vols.  8^0. 

Nicholfon’s  Hiftorical  Library,  Folia . 
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Nelfon’s  Feafts  and  Fafts  of  the  Church  of  England,  8<rt. 

- Devotions,  12m 

- on  the  Sacrament,  1  2 mo. 

Nelfon’s  Lex  Maneriorum,  8 vo. 

New-Year’s  Gift.  In  fix  parts,  1  zmo. 

Newtoni  Principia  Philofophiae  Mathematica,  4 to. 

Newton’s  Chronology,  4 to. 

OT way’s  Plays,  2  Vols.  12 mo. 

Odes  of  Horace.  By  feveral  Hands,  1 2 the. 

Oldham’s  Works,  izmo. 

Ollyffe  on  the  Church  Catechifm,  2  Vols.  8vo. 

Ovidii  Metamorphofes,  in  ufum  Delphini,  8vo. 

—— —  Epiftolae,  in  ufum  Delphini,  8 vo. 

- - de  Triftibus,  in  ufum  Delphini,  8<voy 

Ovid’s  Metamorphofes,  Englilh,  2  Vols,  izmo.  > 

Ovidii  Metamorphofes,  » 

- - Epiftolae,  >  Cum  Notis  Minelli,  1 2 mo. 

- - de  Triftibus  * 

Ovid’s  Art  of  Love,  Englilh,  1  2 mo. 

• - Epiftles,  Englifh,  izmo . 

Ovidii  Metamorphofes  cum  Notis  variorum  4 .to.  Dublinii. 

PAtrick’s  (Bifhop)  Commentary  on  the  Hiftorical  Books  of 
the  Old  Teftament,  in  2  Vols.  Folio . 

- Paraphrafe  on  the  Pfalms  and  Proverbs,  & c.  Folio. 

- Devout  Chriftian,  1  2 tno. 

- - Chriftian  Sacrifice,  12 mo. 

*• - Menfa  Myftica,  8vo. 

- - Advice  to  a  Friend,  1  2 tfio. 

■ - -  Help  for  young  Communicants,  24^0. 

- Sermons  on  Contentment,  8 vo. 

Procedure  of  Underftanding,  8 vo. 

Polygraphical  Dictionary,  2  Vols.  8 vo. 

Puffendorf  de  Officio  hominis  &  Civis,  Cantab .  1  zmo. 

Potter’s  Antiquities  of  Greece,  2  Vols,  8vo. 

Plato  de  Republica,  Grtec.  &  Lat.  2  Vols.  8vo.  Cantab 
Plutarch’s  Lives,  in  8  Vols.  8vo. 

Pope’s  Works,  2  Vols.  4 to. 

- - the  fame  in  2  Vols,  Folio. 

- Homer’s  Iliads,  6  Vols.  izmo. 

——— Homer’s  Odyffes,  5  Vols.  izmo. 

- -  Mifcellanies,  2  Vols.  izmo. 

. - Works,  2  Vols.  12 mo. 

- Dunciad.  1  2  mo. 

Pope  and  Swift’s  Mifcellanies,  3  Vols.  1 2 mo. 

PuffendorPs  Law  of  Nature  and  Nations,  Folio. 

Prior’s  Poems,  2  Vols.  izmo. 

Potter  of  Church  Government,  8vo, 

Pearfon  on  the  Creed,  Folio, 
plautus  Delphini,  8 vo. 
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Puffendorf’s  Introduction  to  the  Hiftory  of  Europe,  8*0. 

- -Introduction  to  the  Hiftory  of  Afia,  Africa,  and  America,  8 vo. 

Patrick’s  Pfalms,  1 2 mo. 

Palladio’s  Architecture,  4/0. 

Prideaux’s  Connexion  of  the  Old  and  New  Teftament,  4  Vols.  8  vo. 

•  - -  Life  .of  Mahomet,  8vo. 

Pyle’s  Paraphrafe  on  the  Epiftles  and  ACts,  2  Vols.  2vo. 

- on  the  Old  Teftament,  4  Vols.  81/0. 

■ - on  the  Revelations,  8 vo. 

PraCtiftng  Attorney,  8vo. 

Perry  of  Spaw  Waters,  8 vo. 

Pantheon,  8vo. 

Peronet’s  Vindication  of  Mr.  Locke,  8 w. 

PLilofophical  TranfaCtions  abridged  to  170.0,  by  Lowthorp, 
3  Vols.  4/0. 

*  - —continued  to  1720,  by  Jones,  2  Vols.  4/0. 

--  — continued  to  1732,  by  Reid  and  Grey,  2  Vols.  4/0. 

Poette  minores,  Graec.  &  Lat.  80/0. 

Principles  of  the  Leading  Quakers,  truly  reprefented,  8 vo. 

Plain  Account  of  the  Nature  and  End  of  the  Sacrament  of  the 
Lord’s-Supper,  8 vo. 

QUincy’s  Phyflcal  Dictionary,  8*1/0. 

- Difpenfatory,  8 vo. 

Quarles’s  Emblems,  1 2 mo. 

Quevedo’s  Vifions. 

Curtius,  in  Englifti,  2  Vols.  12 mo. 

RA  P I  N’s  Hiftory  of  England  from  the  Invafion  of  the  Ro¬ 
mans,  to  the  End  of  the  Reign  of  King  James  II.  Tran- 
flated  by  N.  Tindal,  M.  A.  The  Second  Edition,  in  2  Vols. 
F0//0,  pr.  2/.  2  s.  in  Sheets. 

The  Heads  of  the  Kings  of  England ,  proper  for  Rapin’s  Hiftory, 
engraven  by  Mr.  Vertue,  pr.  6  d.  each. 

The  Monuments  of  the  Kings  of  England,  proper  for  Rapin’s 
Hiftory,  being  nineteen  HalLSheet  Plates  at  6d.  each,  and 
three  whole  Sheets  at  1  s.  each. 

Rapin’s  Hiftory  of  England,  in  15  Vols.  8  vo. 

Reflections  upon  Learning,  8*1/0. 

Richardfon’s  Explanatory  Notes  on  Milton’s  Paradife  loft,  8<v  0. 

« Account  of  the  Statues,  Bas-Reliefs,  Drawings,  and 
Pictures,  in  Italy,  8 vo. 

Reply  to  Dr.  Waterland’s  Defence  of  his  Queries,  81/0. 

Row’s  Lucan,  2  Vols.  12^/0, 

- 'Saluft,  Englifti,  12^0. 

— - Plays,  2  Vols,  12 mo. 

Religion  of  Nature  delineated,  4/0. 

Rofe’s  Hiftory  of  Jofeph,  a  Poem,  8vo, 

Ray’s  Wifdom  of  God  in  the  Creation,  8 vo. 

Robbins’s  Abridgment  of  all  the  Irifti  Statutes»  4^' 

U  z 
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Pvollin's  Antient  Hiftory  of  the  Egyptians,  Carthaginians,  AfTy- 
rians,  Babylonians,  Medes  and  Perfians,  Macedonians, 
and  Grecians,  8 vo. 

. - - —  Method  of  Studying  the  Belles  Letters,  4  Vols.  8^0. 

Religious  Philofopher,  2  Vols.  4 to. 

Robinfon  on  the  Venereal  Dileafe,  8^0. 

Roman  Hiftory  by  Cartrou  and  Rouille,  5  Vols.  Folio. 

Raleigh’s  Hiilory  of  the  World,  Folio. 

SMalbroke’s  (Lord  Bifhop  of  Lichfield  and  Coventry)  Vindica¬ 
tion  of  the  Miracles  of  our  Bleffed  Saviour.  In  An- 
fwer  to  Mr.  Woolfton’s  Difcourfes,  in  2  Vols.  8 <vo. 
*»— - — «  Charge  concerning  the  Evidence  of  the  Chriftian  Re¬ 

ligion.  Delivered  to  the  Clergy  of  the  Diocefe  of 
St.  David’s,  8V0. 

Sydenham’s  Works,  8^0. 

South’s  Sermons,  6  Vols.  8<vo. 

Salkield’s  Reports,  Folio. 

Stanhope’s  St.  Auitin’s  Meditations,  8vo. 

_ _ Thomas  a  Kempis,  Sva. 

_ _ _ _ The  fame  in  12 mo. 

. - Chriftian  Directory,  8z >0. 

- - Paraphrafe  on  the  Epiifles  and  Gofpels,  4  Vols.  Svo* 

- - - — —  Epiftetus,  8x0. 

Saluftius  ex  recenfione,  J.  Waffe,  4 to. 

Schrevelii  Lexicon,  Grace-  &  Lat.  8 vo. 

Spinckes’s  Sick  Man  vifited,  8x’0. 

Salluftius,  in  ufum  Delphini,  8vo. 

Suetonius,  in  ufum  Delphini,  8vo. 

Shelton’s  Don  Quixote,  4  Vols.  12 vm. 

Stephens’s  Spanifh  Dictionary,  4/0. 

State-Try als,  in  8  Vols.  Folio. 

Sherlock  on  Death,  8vo.  and  12^0. 

• - *  on  Providence,  Svo. 

• — - on  Future  State,  8vo. 

- — - on  Future  Judgment,  8vo. 

* - Sermons,  2  Vols.  8 to. 

- - Prefervative  againft  Popery,  1  imo. 

Scarron’s  Works,  Englifh.  2  Vols.  12020. 

Strauchius’s  Treatife  of  Chronology,  8vo. 

Strype’s  Life  of  Archbifhop  Whitgift,  Folio, 

Stow’s  Survey  of  London,  2  Vols.  Folio. 

Shakefpear’s  Works,  10  Vols.  12 mo. 

Shuckford’s  Connexion,  2  Vols.  8vo. 

Sharp’s  (Archbifhop)  Sermons,  7  Vols.  8vo. 

•  Summary  of  the  Religious  Houles  in  England  and  Wales:  Witii 
an  Account  of  their  Value  at  the  Time  of  their  Diffolution,  8^0. 
Sydenhami  Proceffus  Integri  in  morbis  fere  omnibus  curandis, 
1  imo. 

Shadwell’s  Flays,  4  Vols*  12 mo. 
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Sanderfoni  Praele&iones  de  Juramento,  &  de  Confcientia,  Svo. 
Spectators,  8  Vols.  12m 
Scot’s  Chriftian  Life,  Folio. 

Stevenfon’s  Conference  upon  the  Miracles  of  our  BlelTcd  Saviour 
in  anfwer  to  Woolfton,  Svo. 

Seneca’s  Morals,  8^0 . 

Steel’s  Chriftian  Hero,  12 mo. 

Southern’s  Plays,  2  Vols.  12 mo. 

Spenfer’s  Fairy  Queen.  6  Vols.  \imo. 

Seldeni  Opera  omnia,  6  Vols.  Folia. 

Steel’s  Plays,  nmo. 

Swinburn  of  Wills,  Folio. 

Stephens’s  Sermons  againft  Popery,  Svo. 

Sykes’s  (Dr.)  Eftay  upon  the  Truth  of  the  Chriftian  Religion. 
- - four  Letters  to  Dr.  Sherlock. 

■  - Anfwer  to  Dr.  Rogers  of  the  Vifible  andTnvifible  Church. 

■  - Remarks  on  Dr.  Marfhal’s  Defence  of  our  Conftitution.  pr.  1  s. 

- Innocency  of  Error,  pr.,  6  d. 

• - Vindication  of  the  Innocency  of  Error,  pr.  6  d. 

—  Dilfertation  on  the  Eclipfe  mentioned  by  Phlegon,  pr.  ij.  6d. 

—  —  Defence  of  the  Dilfertation.  pr.  1  s. 

- Second  Defence  of  the  Dilfertation.  pr.  1  /. 

Shaw’s  PraCtice  of  Phylick,  2  Vols.  Svo. 

Stackhoufe’s  Body  of  Divinity,  Folio. 

Spencer  de  Legibus  Hebraeorum,  2  Vols.  Folia. 

Sprat’s  Hiftory  of  the  Royal  Society,  4 to. 

Snelgrave’s  Account  of  Guinea,  Svo. 

Smalridges  Sermons,  Folio. 

np  Ullii  Enchiridion  Praecipuorum  Theologiae  capitum,  12 ms. 

I  Terentius,  in  ufum  Delphini,  S-vo. 

Terentius,  1 2 mo  Cantab. 

Temple’s  (  Sir  William )  Works,  2  Vols.  Folio. 

—  - .  Introduction  to  the  Hiftory  of  England,  Svo. 

Tatlers,  4  Vols.  izma. 

Telemachus,  in  Englilh,  2  Vols.  1 2 mo. 

Taylor’s  ( Bilhop )  Holy  Living  and  Dying,  Svo. 

—  - Golden  Grove,  1 2 mo. 

Tillotfon’s  (Archbp.)  Works,  3  Vols.  Folio. 

Teftamentum  Novum  Graecum,  Cantab,  izma. 

Turkilh  Spy,  8  Vols.  12m 
Terentius,  cum  Notis  Minellii,  12 mo. 

Terence  de  Dacier,  Fr.  &  Lat.  3  Vols.  \zmo. 

Tilly’s  Acceptable  Sacrifice,  izmo.  * 

Theobald’s  Shakefpear,  7  Vols.  Svo. 

Turner’s  Art  of  Surgery,  2  Vols.  Svo. 

- Syphilis,  8^0. 

- on  the  Skin,  Svo. 

Tacitus,  Ryckii.  3  Vols.  8^0.  VubliniU 
Trap’s  Virgil,  3  Vols.  12 mo. 


Virgilius 


i4  BOOKS  Printed  for ,  and  Sold  J?y 


VIrgilius  in  ufum  Delphini,  8<v0. 

Upton’s  Hiftoriarum  Fabellarumque  Dele&us,  8w. 

Verto t’s  Hiftory  of  the  Revolution  in  Sweden,  8w. 

- Of  the  Roman  State,  z  Vols.  8<vo. 

-  ■■■—  Of  Portugal,  8 <vo, 

——Of  Spain,  5  Vols.  8^0. 

Virgilius  cum  Notis  Minelli,  12 mo. 

Varenius’s  Geography,  Englifh,  2  Vols.  8m 

• 

W  Elis’s  ( Dr. )  Hiftorical  Geography  of  the  Old  and  New 
Teftament,  4  Vols.  8<uo. 

- Young  Gentleman’s  Courfe  of  Mathematicks,  3  Vols.  8 <vo. 

Viz. 

Arithmetick  and  Geometry,  Vol.  I. 

Trigonometry,  Mechanicks,  and  Opticks,  Vol.  II. 
Aftronomy,  Chronology,  and  Dialling,  Vol.  III. 

. - Paraphrafe,  with  Annotations,  on  all  the  Books  of  the  Old 

Teftament,  4  Vols.  4 to. 

-  Paraphrafe,  with  Annotations,  on  all  the  Books  of  the  New 
Teftament,  2  Vols.  4 to. 

—  Help  for  the  right  underftanding  of  the  feveral  Divine 
Laws  and  Covenants,  8 <vo. 

. - Controverfial  Treatifes  againft  the  Diflenters,  8m. 

- - Expofition  of  the  Church  Catechifm,  12 mo.  pr.  6d. 

. - Prayers  on  common  Occaftons,  pr.  6  d. 

- - Harmonia  Grammaticalis:  Or,  a  View  of  the  Agreement 

between  the  Latin  and  Greek  Tongues,  pr.  is  6d. 

- - Letter  concerning  the  Sin  of  taking  God’s  Name  in  vain, 

pr.  id.  or  1 00  for  6  s. 

- - Unworthinefs  no  Excufe  for  not  coming  to  the  Sacrament. 

pr.  id.  or  1 00  for  6 s. 

■  Of  Children’s  Capacity  to  receive  Religious  Inftru&ions  ; 
together  with  Prayers  adapted  to  the  Capacities  of  Chil¬ 
dren.  pr.  id.  or  1  o©  for  6  s. 

. . -  Duty  of  a  decent  and  reverent  Behavior  in  Church,  pr.  3  d. 

or  1 00  for  1  /. 

- - Duty  to  contribute  to  the  Rebuilding,  & c.  of  Churches. 

- Of  the  Marriages  of  fuch  as  are  of  near  of  Kin. 

— — Forty-fix  Propofitions  proving,  that  his  Majefty  King 
George  is  the  only  rightful  and  lawful  King  of  Great- 
Britain.  pr.  6  d. 

• - Elementa  Arithmeticae  Numerofae  et  Speciofae,  8 <vo. 

• - Dionyfii  Geographia,  Gr.  &  Lat.  8 *vo. 

Wingate’s  Arithmetick,  8w. 

Wilkins  ( Bp. )  of  Natural  Religion,  8m. 

Welfted’s  (M.  D.)  Tentamen  de  Variis  Hominum  Naturis  Reme- 
diifque  ad  Singulas  accommodandis,  8<vo. 
►——Tentamen  Alterum,  de  propriis  Naturarum  Habitibus, 
&  c.  Svo. 

Week’s 


James,  John,  and  Paul  Knapton.  i 5 

Week’s  Preparation  to  the  Sacrament,  i  zmo. 

•  - Preparation.  Second  Part,  i  z mo. 

Woodward’s  Natural  Hiftory  of  the  Earth,  Svo. 

Wake’s  { Archbp. )  Sermons,  3  Vols.  8w. 

- on  the  Church  Catechifm,  8<z >0. 

Waller’s  Poems,  1  zmo. 

Wycherley’s  Plays,  2  Vols.  1 2 mo. 

Ward’s  Mathematicks,  8 wo. 

Wood’s  Athenae  Oxonienfes,  2  Vols.  Folio. 

Wood’s  Inftitute  of  the  Common  Law,  Folio. 

•  - Of  the  Civil  Law,  Folio. 

Wifeman’s  Surgery,  2  Vols.  8<vo. 

Whichcote’s  Sermons  on  practical  Subjects,  4  Vols.  8wo. 

Wheatly  on  the  Common-Prayer,  8 wo. 

Whitlocke’s  Memorials  of  the  Englifh  Affairs,  Folio. 

Word  of  God  the  beft  Guide,  1 2  mo. 

■  Whitby’s  Commentary  on  the  New  Tellament,  2  Vols.  Folio. 

- - Sermons,  8<vo. 

•  - Defence  of  the  Bifhop  of  Bangor,  8w. 

- - Reply  to  Dr.  Waterland’s  Objections  againft  Dr.  Whit¬ 
by’s  Difquifitiones  Modeftae,  2  Parts,  8wo. 

- laft  Thoughts:  Containing  his  Correction  of  feveral  Paf- 

fages  in  his  Commentary  on  the  New  Teftament,  %<vo. 
Whiflon’s  Tacqueti  Elementa  Euclidea  Geometriae,  8wo. 
Window’s  Anatomy,  4 to. 

Watt’s  Logick,  8w. 

- Aftronomy,  8wo. 

Wofter’s  Philofophy,  8 vo. 

Waterland’s  Vindication  of  Chriffs  Divinity,  2  Vols.  8wo. 

•  - - Sermons  at  Lady  Moyer’s  LeCture,  8wo. 

- Hiltory  of  the  Athanahan  Creed,  8 vo. 

Xenophon,  Grtec.  &  Lat.  8wo. 

Young’s  Sermons,  2  Vols.  8<vo. 


An  Effay  on  impofing  and  fubfcribing  Articles  of  Religion. 
By  Philel.  Cantabrig.  pr.  is. 

The  falfe  Notion  of  a  Chriftian  Priehhood  examined,  and 
refuted.  By  Philel.  Cantabrig.  pr.  1  s. 

Tthree  Difcourfes :  1.  A  Defence  of  private  Judgment.  2.  A- 
gainft  the  Authority  of  the  Magiftrate  over  Confcience. 
3.  Confiderations  concerning  the  reuniting  of  Proteftants. 
By  Philel.  Cantab,  pr.  1  s. 

An  Account  of  all  the  confiderable  Pamphlets  in  the  Contro- 
verfy  between  the  Bifhop  of  Bangor  and  others  1  with  Remarks. 
In  Two  Parts.  By  Philel.  Cantab. 

*  The  external  Peace  of  the  Church  only  attainable  by  a  Zeal 
for  Scripture  in  its  juft  Latitude,  and  by  mutual  Charity,  pr.  1  s. 
r  A  Pr«r 


BOOKS  Printed  for>  See. 

A  Prefervative  againft  Popery.  By  Edward  Afpinwall.  A.  M. 
A  Letter  to  an  Inhabitant  of  the  Parifh  of  St.  Andrew’s 
Holbourn,  about  new  Ceremonies  in  the  Church,  pr.  4 d. 

Papifts  not  excluded  from  the  Throne  upon  Account  of  Re¬ 
ligion.  pr.  4  d. 

The  Cruelties  of  the  Church  of  Rome  difplay’d.  To  which  is 
added.  An  Account  of  the  ExaXions  and  Oppreffions  of  the 
Popes  on  this  Kingdom,  pr.  1  s. 

Two  Letters :  One  from  a  Lady  to  a  Friend,  who  had  married 
a  Roman  Catholick  Gentleman.  The  other  from  the  fame  Au¬ 
thor  to  the  faid  Gentleman  ;  by  which  he  was  converted  from 
thefPopifh  Religion  to  the  Proteitant.  Firft  publifhed  in  172  7,  up¬ 
on  the  Recommendation  of  the  late  Dr.  Sam.  Clarke,  the  3d.  Ed. 
pr.  4  d.  or  25.  for  6  r. 

Difficulties  and  Difcduragements  which  attend  the  Study  of  the 
Scripture  in  the  Way  of  private  Judgment,  pr.  6  d. 

Diffuafive  from  enquiring  into  the  DoXrine  of  the  Trinity :  Or, . 
the  Difficulties  and  Difcouragements  which  attend  the  Study  of 
that  DoXrine.  pr.  6  d. 

The  Godfather’s  Advice  to  his  Son.  p.  3 d.  or  100  for  1  /. 

Short  View  of  the  Chriftian  Religion,  p.  3 d.  or  100  for  1/. 

An  Account  of  the  Formation  of  Foffil- Shells,  &c.  pr.  1  s. 

A  Plea  for  Human  Reafon,  fhewing  the  Sufficiency  of  it  in 
flatters  of  Religion,  pr.  is. 

The  Reality  and  Authority  of  our  Blefled  Saviour’s  Miracles 
defended.  By  Alexander  Jephfon,  A.  B.  pr.  is.  6 d. 

An  Anfwer  to  the  Remarks  upon  Dr.  Clarke’s  Catechifm.  pr.  is. 
A  Defen fe  of  the  Anfwer  to  the  Remarks,  &c.  being  a  Reply 
to  a  Pamphlet,  entitled,  The  Nature,  Obligation,  and  Efficacy 
of  the  Sacraments  confidered,  pr.  is. 

The  true  Foundations  of  Natural  and  Revealed  Religion  af- 
ferted.  Being  a  Reply  to  the  Supplement  to  the  Nature,  Obli¬ 
gation,  and  Efficacy  of  the  Sacraments,  pr.  1  s. 

An  Anfwer  to  the  Poftfcript  of  the  fecond  Part  of  Scripture 

vindicated,  &c.  pr.  1  s.  .  . 

OllifFe  of  the  Divine  Power,  with  refpeCt  to  the  Origin  and 

Government  of  the  Univerfe.  pr.  6d. 

Medicina  Vindicata  :  Or  Reflexions  on  Bleeding,  Vomiting 
and  Purging  in  the  Beginning  of  Fevers,  and  other  acute  Dif- 
c&ics*  •  1  $ • 

Academia  :  Or  the  Humours  of  the  Univerfity  of  Oxford. 

k  Collection  of  feveral  Papers  printed  in  1710.  Now  repainted 
together,  pr.  1  s.  6  d. 

Smith’s  Copy  Book  of  all  Hands,  pr.  i.s.bd. 

The  Scripture-Catechifm :  Or  the  Principles  of  the  Chriltian 
Religion,  laid  down  in  the  Words  of  the  Bible,  pr.  6  d. 

Doyle’s  Anfwer  to  Woolfton,  8 <vo.  . 

Holbrook’s  Letter  to  the  Author  of  Chriflianity  as  old  as  the 

Creation,  pr.  6  d. 
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